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PREFACE TO THE SEVENTEENTH EDITION 


The book completed sixteen editions within the period of annual 
de shows its popularity and overall usefulness and we are glad 
note that the previous editions served the objectives for which 
js book was written. 


The present edition is a thoroughly revised and enlarged edition 
've have added 20 problems and 217 revisional problems in the 
«t thereby increasing the problems from 729 to 966. Тһе intro- 

don of revisional problems along with the answers to these 
»lems will serve a very useful purpose.- It will enable the 
fs, students and practitioners of statistics to solve problems 

out any assistance and to verify their answers with the ans- 
5 calculated by us. Another feature of the present edition 
^at all the questions have been up-dated and have been made 

? realistic in terms of price, height, weight, and other variables 

all the solutions have been checked and rechecked to ascer- 
T. their correctness. We have sincerely endeavoured to remove 
misprints and mistakes from this edition to make it more de- 
dable for the solutions to the problems. 

We have ОУУ “то incorporate valuable suggestions received 


п collezjues and students as far as it had been possible for us 
o SO. 


The present edition has been printed by using a different method 
winting than the previous editions to avoid mistakes that occur 
‘he printing stage. The presentation of the present edition is 
sing to the eye and is very attractive. The system of num- 
3g problems has also been changed and has been modernised. 
~ each problem begins with the number of that chapter and 
Sing decimals the next number indicates the problem number 
-= problem no. 5 in chapter third would be numbered as 3.5. 
| It is sincerely hoped that the present edition would be found to 
ore useful by the students and other users than the previous 
"AS. The present thoroughly revised and considerably en- 


edition will, it is hoped, serve its purpose in fields wider 
before. 


D. N. ELHANCE 


PREFACE TO THE FIRST EDITION | 

It is impossible to overemphasise the importance of statis 

in modern times. in fact modern age is the age of statistics, | 
all branches of human knowledge make extensive use of sté 
tical methods. In our country also the importance of statis 
has been realised though quite late, and practically all the uni 
sities are now imparting training in statistical methods and 
thus trying to fill up the ever-increasing demand of statistici 


However, as a teacher of statistics for a long time, | have 
that students need one such book on the subje nich | 
can solve practical questions and find out the „„,,., F or ol 
wise of their answers. No doubt, there are mary book 
foreign as weil as Indian authors which give some question 
the end of each chapter for practice, but there is no one boc 
which all possible types of questions to important topics | 
be found at a place. This book is an attemp to meet this | 
culty. Questions have been taken from the examination р 
of all the universities in the country and also fromm P. С. 8. 
|. A. S. examination papers. Many new types of questione ; 
been framed by me and the book contains problems of practi 
all possible varieties. | am sure the book would be of imm 
help to s‘udents of statistics in the universities as also 10 * 
who off z, subject in competitive examinations. 


The list of topics covered is an exhaustive one and hal 
book is devoted to advanced problems on probability, sam 
chi-square test, analysis of variance, etc. j 

| have been assisted in my work by my old student 
T. N. Bhargava, M. Com., and | am grateful to him for M 
would be highly thankful to those who would kindly pol 
the inaccuracies in the book and give suggestions for im 
ment. | 


1st June, 1952 p. N. ЕШ 
Allahabad. 
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asures of Central Tendency І 


i Measures of Central Tendency or averages are ге resentatives which are 

to indicate the value of large group of numbers. Т are five kinds of 

iges in common use. They are (1) Arithmetic Average or Mean, (2) Median, 
ode, (4) Geometric Mean and (5) Harmonic Mean. In the present chapter 
ve dealt with various types of problems connected with these five measures 
tral tendency. 

First of all the problems connected with the calculation of Mean have 

solved. Meam or Arithmetic Average is obtained by adding the values of 
and dividing the total by the number of items. 

After this we have dealt with the problems connected with Median. 

n is the value of the middle item in a series. To find out the median a series 
t arranged in ascending or descending order and then the value of the middle 
is found out either by mere observation or by interpolation. 

Next comes Mode. Mode is the most popular item of the series. The 

which occurs the largest number of times іп a series 15 known as Mode. 
“again can be found out either by observation or by interpolation. 

Geometric Mean has been dealt with after Mode. Geometric Mean is the 
root of the product of л items. Its calculation involves the use of logarithm 
s. 

„Finally we have dealt with problems of Harmonic Mean. Harmonic 
in is the reciprocal of the arithmetic mean of the reciprocals of the numbers 


In all these averages first we have solved some questions where the series 
ist of individual observations only, and then questions of discrete series and 
iinuous series have been solved. 


MEAN 


PROBLEM 1.1. The following table gives the monthly income of twelve families 
town : 


Monthly Monthly 

1: No. Income SI. No. Income 
Rs. Rs. 
1 280 7 80 
2 180 8 84 
3 96 9 100 
4 r 98 10 76 
5 104 11 600 
6 75 12 20 


Calculate the arithmetic average of the above income. 
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SOLUTION. Computation of arithmetic average. 


ç k m А 
Arithmetic average or а=” ‚ Where Xm represents summation of 


surements and л, the number of items. 


a T Rs. 149.42 approx. 


7 PROBLEM 1.2. Calculate the simple arithmetic average of the followli 
тз :— 


Size of items 
20 50 72 
28 53 74 
34 4 75 
39 59 78 
42 64 79 


SOLUTION. Computation of arithmetic average.. 
Size of items (m) 


Ут=821 


Arithmetic average ог а= 2. where Xm represents summation of 


surements and n, the number of items. 
а== S oun 4 
Arithmetic average of the series= 5473, 1 
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Alternative Method : Deviation from an assumed 
mean (50) 

(m) (dx) 

20 —30 
28 —22 
34 —16 
39 —11 
42 i 
50 0 
53 d 
54 4 
59 9 
64 14 
72 22 
74 24 
75 25 
78 28 
79 29 

n=15 Zdx—471 


iL ; where x represents assumed ave- 


n hand Ус represents the total of the deviations from the assumed average and 
[® the number of items. 


Arithmetic average or а=х-+ 


450 4 80 P4805 
Atithmetic average of the series=54.73 


+ Je OBLEM 1.3. Find out the mean height from the following data relating 
measurements of & persuns in centimetres. 


159, 161, 163, 165, 167, 169, 171, 173 


SOLUTION, Computation of mean height 
Height Deviations from Step deviations 
as. av. ( 167) @) 
(т) (dx) (dx) 
159 Sad -— 
161 = —3 
163 E жы? 
165 —2 —1 
167 0 0 
169 2 1 
171 4 2 
173 6 3 
n= 8 E dx’ =—4 


Arithmetic average ог а==х-- md where L dx’ represents the 
T qu се deviations and / represents common factor (class inter- 
— 
47167 j- -167— : 
1 | +) x 2) 167—1—166 Cm 
1 Mean height 166 Cm. 


4 


family. 
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OBLEM 1.4. The following table gives the number of children 
y fap in735 families. Calculate the average number of children born 


Number of children 
born per family 


0 


© 99 SON 


10 
11 
12 
13 


SOLUTION. Computation of the average number of children born 


family. 


Number of children 
' born per family 


(m) 


-о 


S ماه ل‎ AUN 


10 


Arithmetic average or one, where mf represents the product of 


Number of families 


Number of 
families 
(f) 


Ef =735 


size of item and frequency and / represents frequency. 


— 7 average 


PROBLEM 1.5, The following data give an actual distribution, 
by tossing ten coins 1024 times and recording the number of heads that 4 


number of children born per family is equal to 3 appr 


2166 
EY IT 


z22.9-3 children approx. 


M 
obs SSS SS SSS 


1 
Zmf —2166 


on each toss. What is the average number of heads per toss ? 
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Number of heads Frequency 
> 0 1 
1 16 
2 42 
E 126 
4 199 
E 5 253 
6 209 
i 7 118 
8 53 
9 4 
10 3 
SOLUTION. Computation of average number of heads per toss. 
Number of heads Frequency 
(m) (f) (mxf) 
0 1 0 
H 16 16 
2 42 84 
3 126 378 
; ү К 
5 
118 
8 424 
9 A 36 
10 3 30 
п=1024 Zmf-5109 


Arithmetic average az Im ==» heads per toss approx. 


a e average number of heads per toss is 5. T NE 

EM 1.6. What are the desiderata for a satisfactory average 
ош үн, special characteristics of the arithmetic mean, the median and the geometri- 
п. 


ney distribution. Derive the usual formula and apply it R 
of the distribution : 


Variate—5, 10, 15, 20, 25, 30, 35, 40; 45, 50. 
i Frequency—20, 43, 75, 67, 72, 45, 39, 9, 8, 6. 
SOLUTION. Calculation of arithmetic average by step-deviation method. 


í - Explain the step-deviation method for finding out the arithmetic mean ofa 
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—214 
Arithmetic average — . xi) =25+( x 5 ) 
—25—2.8—222 


PROBLEM. 1.7. Given the following frequency distribution, calcula 
Arithmetic Average. 
Monthly Wages Workers Monthly Wages Work 
.50—217.50 2 237.50—242.50 4 
53 22 242.50—247.50 6 
222.50—227.50 19 247.50—252.50 1 
227.50—232.50 14 252.50—257.50 1 
232.50—237.50 ^f 


SOLUTION. Calculation of the arithmetic average. 


Deviations from 


Monthly 
Wages the as. av. 


Mid-values 
of the 


groups 


(m) 
Rs. Rs. 


Applying the short-cut method. 
Arithmetic Average =x+ Fads 234. EU 
n 72 
=230-2.15 5 rupees 
Thus the average wage of the workers is Rs. 227.85. 


PROBLEM 1.8. The frequency distribution of cost of production 
rupees per quintal for different oldings in two districts is given below. 
average cost in each district, and test whether there is 


any significant different 
Cost in rupees District District 
per quintal A 
100-102 9 1 
102-104 32 10 
104-106 37 34 
106-108 21 23 
108-110 13 21 
110-112 7 14 
112-114 5 10 
114-116 2 9 
116-118 1 5 
118-120 2 2 
120-122 1 1 
Total 130 


~ 


30 
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_ SOLUTION. Computation of the average cost of production of Gur in 
Districts A and B. 


Deviation 
from the 
as. av. 
(107) 
dx 


— 111 


6 
4 
2 
0 
2 
4 
6 
8 
0 
2 
4 


әл 


In District A, the average cost per quintal is Rs. 106.17 
* Уух ا‎ —108 

а= х CL =107+ 0 
=107—.83 = 106.17 

In District B, the average cost per quintal is Rs, 108.57 
E 204 

а= 107 4- 130 

—107 ＋ 1.57 = 108,57 


PROBLEM 19 The following table gives. the frequency distribution оў the 

Percentage weekly gains or pes fa random forecast record, divided by one-half 

* stock market gain or loss, for the 230 weeks from January 1, 1971 
une 1, 1973. 


Percentage Frequency 
Gain or Loss 

96.50- 97.49% 1 
97.50- 98.49% 13 
98.50- 99.49% > 32 
99.50-10049% 115 
100.50-101.49% 45 
101.50-10249% 4 
102.50-103.49% 2 
103.50-104.49% 4 
104.50-105.49% 2 
105.50-106.49% 1 
106.50-107.49% 1 

Total 230 


What is the average gain or loss for this distribution ? 
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SOLUTION. Computation of average gain or loss, 


Deviations from 
the assumed 
average 

(100%) (dx) 


Total 
deviations 


6.50- 97.49% 
97.50- 98,49%, 
98.50- 99.49%, 


п = 230 
Applying the short-cut method = 
а—100 + 30 = 100-25 = 100.25% approx. | 

is бошке, the average percentage of gain or loss for the given distribution 


PROBLEM. 1.10. The following table gives the population of males at diffe 
Tent age. groups of the U. К. and India at the time of a census. 


Age-group U. K(Lakhs India(Lakhs) 
0- 5 18 ) 214 
5-10 19 258 

10-15 20 222 
15-20 18 157 
20-25 16 145 
25-30 14 161 
30-40 27 257 
40-50 25 184 
50-60 19 120 
Above 60 17 


Compare the average age of males in the two countries, 
difference, if any. 


Ё dia OLUTION. Computation of the average age of males in the U. К. and 
Ni d 


and account for the 


bet oul peal bd Re 
QU ہا‎ ta лл б 


Aaa 


ooo 


ax 


23557 80 


far 
1410.00 | „1815 
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The average age of males in the U.K. is 29.6 years as 
+ 205 = 275 + 410 97,542.12 —29.62 


i 193 
The average age of males in India is 25.33 years as 
X 29 
а= xt “= „15 + eig 25.212253 


Thus, the average age of males іп U.K. is higher than the average age of 


males in India. 


PROBLEM 1.11. The following table gives the male population of Kanpur 
“and Jaipur in 1971 :— 


Age group Population of males in thousands 
(vears) Kanpur Jaipur 


50-60 4 6 
60-80 4 4 


Calculate the average age of males at Kanpur and Jaipur separately, and 
enu for the difference, if any. 


SOLUTION. Computation of average age of males at Kanpur and Jaipur. 


— >, Se © 
кы 
S 
— 
^ 
- 
w 
© 


Mid- 


Deviations 
values 


from as. av. 


(m.v) Q5 


2.5 9 

7.5 8 
12.5 8 
17.5 7 
25.0 15 
35.0 12 
45.0 9 
55.0 6 
70.0 4 


49 


4 ; 
LE. 15 T 
(1) Average age of males at Kanpur :— 
Afdx 
a= — — i 
x+( A xi) 
=25+( 43.5 „ 5) 


143 
P —25--1.5—26.5 years 
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(2) Average of males at Jaipur :— 
ARR 
a=x+( ae i) 


33 
225 (x 5 ) 
=2542.1=27.1 years 


Thus the average age of the population of Jaipur is higher than the avera 
age of the population of Kanpur. 


PROBLEM 1.12. Find the average marks of a student from the following 


. 


table. 

| 
Below Marks No. of Students 4 
s 10 25 | 
» 20 40 f 
A 30 60 | 

» 40 75 

" 50 95 

„ 60 125 

» 70 190 

» 80 240 


: SOLUTION. This cumulative series should be turned into a simple om 
in order to find out the average. 


Calculation of average marks of 240 students. 


No. of Deviation from Step ‘ota | 

Students assumed average | Deviation | Deviation’ 

(7) (45) (ах) | 
—40 -4 


dE Gz x)= 45 эж х10 ) 
—45-|4.58—49.58 marks 


Therefore, the average marks of a student are 49.6 approx. 
PROBLEM 1.13. Compute the arithmetic mean from the following data. 


Salary in Rs. Frequency 
Below 250 30 
250-270 16 
270-300 19 
300-310 20 
310-320 10 
320 and over 5 


SOLUTION. Computation of the arithmetic mean. 
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ing the short-cut method. 
н (S 


axes pe 150 2150 =285—8.5=276.50 Rupees 
the arithmetic mean of the 1 of 100 men is Rs. 276.50 


LEM 1.14. Find the average wage of a labourer from the following 


» T 
EC Wage in Rs. above. No. of labourers. 
EE А 


Deviations 
from the 


Mid-Points 
of the 
classes 


аз. ау. (345) 
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Arithmetic average or a—x — (2) 


(10) =з45—5.77—33923 Rupees 


Therefore, the average wage of a labourer is Rs. 339.23. 
PROBLEM:1.15. Makea frequency table having grades of wages 
class intervals of one rupee each from the following data of daily wages receive 


by 30 labourers in a certain factory and then compute the average daily 
paid to a labourer. 


Daily wages in rupees. 
8.25, 4.50, 6.50, 7.25, 5.50, 10.00, 9.75, 5.00, 7.75, 6.00, 
11.00, 9.25, 8.50, 7.50, 6.25, 5.75, 4.00, 8.75, 9.50, 6.75, 
4.75, 10.50, 6.25, 8.00, 7.25, 9.00, 7.50, 5.25, 7.00, 8.50 


SOLUTION. Computation of the average daily wages of 30 labol 


rers. 


+ No. of Mid-values of Wages multiplied | 
Wage in rupees labourers the wage by the No. of 
groups labourers 


( 


Substituting the above data in the formula. 


` Arithmetic Mean or а ل‎ 
n 


We get, а= = =7.50 rupees 


Thus the average daily wages paid to labourer is rupees 7.50 
PROBLEM 1.16. Calculate arithmetic mean from the following data. 


«оү, 

Тетр. °С No. of days 
—40 to —30 10 
E —40 28 
-20 —10 30 
—10 0 42 

0 10 65 

10 20 180 
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SOLUTION : Computation of arithmetic mean. 


Total 
deviations 


Deviations 
from the 
as. av. (5) 


Step 
deviations 


Mid points 
of the 
Classes 


(т.у.) (ах) 


°с' (m) 
—40 to —30 
—30 to —20 
—20 to —10 
-l0to 0 
Oto 10 
10 to 20 
20 to 


Applying the short cut method. 


Arithmetic mean or a 


—26x 10 
- (258 
=5— 71 
=429 °С, 


PROBLEM 1.17. The following table gives the monthly average of automo- 
bile production in Japan for the years 1968-1974 (unit 1,000 cars). 


Year Production 
1968 3584 
1969 283.4 
1970 363.2 
1971 446.3 
1972 279.7 
1973 199.1 
1974 114.2 


Calculate the average per cent of change per year. 
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SOLUTION. Calculation of average per cent of change per year. 


Change from 


Year Production average 292.1 
--signs ignored. 

1968 358.4 66.3 

1969 283.4 8.7 

1970 363.2 71.1 

1971 446.4 154.3 

1972 279.7 12.4 

1973 199.1 93.0 

1974 114.2 177.9 

n=7 2044.4 583.7 


Mean Production = 30033. (ooo cars.)— 292.1 (ooo cars.) 


Mean Change— 587 —83.39 


83.4 x 100 
292.1 
Note. (a) In this question + signs have been ignored in the 3rd colu 
bend we are concerned only with а study of the amount of change, not 
1rection. 


(b) Change has been calculated from the average of the whole period. 
the absence of any other instruction it could also have been calculated from 
Ist year (i.e., 1968) or from each preceding year. 


PROBLEM 1.18. The following is the table of the ages of 30 
persons. 


Mean Percentage of Change = 


—28.6 


Digits (Division of class intervals) 


Thus there are two persons of 23 years, one of 57 years and so. on. 
Find out the mean of the series. 
(а) by using only totals of class intervals. 
(b) by using the entire data. 


(а) 


By using the total only. 


T Ê (2 fingi =454 ( 230540 )=45—67=28.2 years. 


(b) Ву using the entire data. 


Note. 


Хт МАМЕ 
Mean— y 30 —31.1 years, 


Figures on the top left corner of each square in the table indicate mf. 


«әиәриә I ip4ju2?) fo soansva jy 
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PROBLEM 1.19 The following are the monthly salaries in rupees of 20 
employees of a firm: 


130 62 145 118 125 76 151 142 
110 98 65 116 100 103 71 85 
80 122 132 95 


The firm gives bonuses of Rs 10,15, 20, 25, and 30 for individuals in the 
respective salary groups : exceeding Rs, 60 but not exceeding Rs. 80 exceeding Rs. 80 
but not exceeding Rs. 100 and so on upto exceeding Rs. 140 but not exceeding. 
Rs. 160. Find the average bonus paid per employee. 


SOLUTION : Calculation of Average Bonus 


Frequency] Rate of | Total Bonus 
[FA 
10 40 
15 60 
2| is 
25 
30 90 


=ю [ Iw» 


Average Bonus per employee — . Rs. 19.50 


Class intervals 


Alternative 
method of J 
writing class| 
intervals 


Rs. 
GO and not exceeding 
80 


Total Bontis paid is Rs. 390 


WEIGHTED MEAN 


PROBLEM 1.20. А candidate obtains the following percentages іп à 
examination : Sanskrit. 75 ; Mathematics 84 ; Economies 56 ; English 78 ; Polit 


57 ; History 54 ; Geography 47. ft is agreed to give double weight to marks it 
English, Mathematics and Sanskrit, What is the weighted and unweighted mean ? 


SOLUTION. Computation of weighted and unweighted mean 


Subjects Marks percent Weights Weighted 
Marks 
(т) (и) (wm) 
Sanskrit 75 2 150 
Mathematics 84 2 168 
Economics 56 1 56 
English 78 2 156 
Politics 57 1 57 
History 54 1 54 
Geography 47 1 47 
nz] Zm-451 Z(w)—10 S wm=688 
Weighted а E C _ ` Ж 
Eo Dan та = 10 68.8 marks 
Unweighted ҙа = Zn == 451 = | 
weighted mean : a т = —үт—=64%43 marks 
PROBLEM 1.21. 


the effect of weighting. Explain what is meant by weighted average, and dis 


Calculate (i) the unweighted mean of t h 
obtained by — ed each price by the rr P o nam 
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I И Ш 

Articles of food Quantity consumed Price in Rupees 
per kg. 

Flour 500 kg. 1.25 

Ghee 200 kg. 20.00 

Sugar 30 kg. 4.50 

Potato 15 kg. 0.50 

Oil 40 kg. 5.50 


SOLUTION. Computation ofthe unweighted and the weighted average 
price of the food articles. 


Articles of 
food 


Price in 
Rupees per kg. 
(m) 


1.25 
20.00 
4.50 
0.50 
5.50 


Price multiplied 
by weights 
(wm) 


Weighted Average 
‚_ (ут) _ 4987.50 


а ж), F 785 ==6.35 rupees 
Unweighted Mean 
. rupees 


n 
Thus the unweighted mean of the prices is Rs. 6.35. Whereas the weighted 
Mean of the prices is Rs. 6.35 approx. 


PROBLEM 1.22. From the following table calculate the average price of 
gm. of tea, also the weighted average price : 


Price per 500 gm. Packets sold 

Rs. Р. 

10.00 200 
10.38 275 
10.62 

10.75 150 
11.00 100 
11.25 75 
11.50 50 


SOLUTION, Calculation of the weighted and the unweighted average price 
Of 500 gms. of tea. : xk 


Price in Packets sold Deviations from Tota. 1277 
Rs. per 500 gm рз Реф тт weighted otal Deviations 
average 00. 5) 


(dx! 
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Substituting the above data in the formula, 


А Gi E(wdx') 


(w 
Where a’ stands for the weighted average x for assumed WE 
average ; w, for weight and dx’ for deviation from assumed weighted avera 


We get a! == 10.75 + = = 10.75 — .163 = 10.587 Rs. 


Thus the weighted average price of 500 gms, of tea is 10.587 Rs. wi 
the unweighted average price of the same is Rs. 10.79 4 


n 


PROBLEM 1.23. Compare tie relative advantages and disadvantages 
Arithmetic Mean, the Median, and the Mode. 


The following table gives the results of certain examinations. of three 1 
sities in the year 1974. Which is the best university ? Give reasons fé 
answer. 


Percentage resuits in the University 
University 


Examination A B С 

1. М.А 80 75 70 
2. M.Sc 70 70 60 
3. В.А. 65 80 70 
4. B. Sc. 60 70 80 
5. B.Com, 75 65 75 


SOLUTION. It is always better to calculate a weighted avera 
percentages rather than a simple average. Therefore, in solving this 
weights have been assigned to the various percentages and the wei 
proportion to the number of students in various classes in different ші 
The number of students and consequently the weights also are imaginary. 


Calculation of the weighted average of th ts in € 
uen g g е percentage resul 0 


University A University B University C 
jRe- No. of %Re- No. of Re- No. 
sults students sults students sults students 


University 
Examina- 


Simple average of percentages are : 


= 70% 72 
Sock 14,025 A 
eighted average of percentages are: ——— 
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Weighted average results show that B university is the best of all. As 
chance would have it the simple average also gives the same result. But it is a 
mere coincidence. 


PROBLEM 1.24. The following table indicates the increase in cost of living 
over July 1972 for a working class family as at Ist January 1975 and the weights 
assigned to various groups. 


Group Percentage increase Weights 
Food 29 75 
Rent 54 2.0 
Clothing 97.5 1.5 
Fuel and light 75 1.0 
Other items 75 0.5 


Find out the weighted average of the increase in cost of living. 
"m SOLUTION. Computation of the weighted average of the increase in cost 
of living. 
Percentage 
increase 


Zum 2584.25 


Swm 584.25 


The weighted average of the increase in cost of living is thus 46.7495. 


PROBLEM 125. Compute the General and Standardized Death Rate of the 
cal opulation and compare them with the General Death Rate of the standard 


opulation. 


600 
1,000 
3,000 

400 


5,000 


Local Population 


Standard Population 


Population Death rate | Population 
per 1000 
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General Death Rate of Standard Population 


— (600 30)+- (1,000 x 5)+(3,000x 8)-+ (400x 50) 13,4 
+1,000--3,000-} 400 D. 


General Death Rate of Local Population 
=(400X40)-$-(1 ,500%4)+(2,400 X 10)-+(700 X30) —13.4 
I. 500-+2,400-4-700 


Standardized Death Rate of Local Population 
(600% 40)-4-(1,000 x 4) HN, O00 10) ＋ (400 “ 30) 3 
I — — M — —Z—ñFĩ—— ——' = 


600-4-1,000-1-3,000 4-400 


PROBLEM 1.26. You are given the following statistics of populat 
unemployment in 
(a) Your country as a whole for a standardized age-distribution, 


(b) the local administrative area in which you live. 


Calculate (i) the standardized unemployment rate in the country аза W 
the standardized rate of unemployment in the local area and (iii) the crude 
unemployment in the local area. 


(Age years) 

15—30 30—45 45—60 60— 
Standard Population : 250 350 300 100 
Age, constitution, unem- 
ployment rate, 
per cent— 5 8 12 15 
Local Population : 300 300 350 50 
Age, constitution, unem- 

ployment rate, 

per cent— 4 9 12 20 


SOLUTION. Calculation of standardized and crude unempioyment 


Standard Population Local Populatio! 

Age No. of people Unemployment No. of people Unemp! 

rate per cent ment 

rate pert 

15-30 250 5 300 4 
30-45 350 8 300 9 
45-60 300 12 350 12 
60-75 100 15 50 20 


Total 1,000 1,000 


(a) Standardized unemployment rate for the country as а whole— 
(250% 5)--(350X 8)--(300 X 12) 4-(100 15) 9,150 5 
T, 1000 
(b) Standardized rate of unemployment in local area 


... 20x 4(350x9) 4. 00x 12)4(100% 20) _ 9.7509 55 
К 100% 7 


(c) Crude rate of unemployment in the local агеа— 
=(300% 4)2-(300 x 9) --(350 X 12)--(50 x 29), .9, 100 
Gru. REFE S 079 S X 1.000 9. 
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Moving Average : 
PROBLEM 1.27. Compute five yearly and four yearly moving average from 
the following: 
Years 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 


Value Rs. 365 360 355 330 300 330 340 290 280 250 
Years 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 


Value Rs. 235 255 250 245 225 210 200 230 225 200 195 
SOLUTION 


MEDIAN 
PROBLEM 1.28. Find out the median of the following items :— 
5,7,9, 12, 10, 8, 7, 15, 21, 


SOLUTION. Items arranged in ascending order of magnitude 


Serial number Size of items 
1 5 
2 7 
3 1 
4 8 
5 9 
6 10 
7 12 
8 15 
9 21 
If М represents the median, and л the number of items. +" Wer, 
: A^ Library 
M=Size of 2. items=Size of i items o 
=Size of Sth item=9. ki 
* 


8. CE R.T., West Bengal 2 

m JL, Calcutta 

Dats 15, 2. TE 5 М?» c. e 
T^ | — x s 
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PROBLEM 1.29. The following table gives the Economic Advi 
Numbers of wholesale prices (1959— 100) 


Year Index nunibers 
1967 297.4 
4968 367.1 
1969 381.1 
1970 400.7 
1971 439.3 
1972 386.9 
Find the median. 
SOLUTION. Index Number arranged in ascending order of magni 
Serial number Size of items 
1 297.4 
2 367.1 
3 381.1 
4 386.9 
5 400.7 
6 439.3 


If M represents the median, and л the number of items. 
M=Size of "11 items—size of LH items 
—Size of 3.5th item— (81.143869 1680. =3840 


PROBLEM 1.30. The following table gives the marks obtained by 
of 30 B. Com: students in a class-test in statistics. 


(Maximum Marks I 


Roll No. Marks obtained Noll No. Marks obtained 
T 33 16 24 
2 32 17 33 
3 55 18 42 
4 47 19 38 
5 21 20 45 
6 50 21 26 
7 27 22 33 
8 12 23 44 
9 68 24 48 

10 49 25 52 
1 40 26 30 
12 17 27 58 
13 44 28 37 
14 48 29 38 
15 62 30 35 


Find the value of the Median and the Quartiles. 


SOLUTION. Marks obtained by 30 students arranged in ascending 
of magnitude 


Serial No. Marks Serial No. Marks Serial No. M. 
1 12 11 33 21 47 
2 17 12 35 22 48. 
3 21 13 37 23 48. 
4 24 14 38 24 49 
5 26 15 38 25 50 
6 27 16 26 5 
7 30 17 42 27 55 
8 32 18 44 28 58 
9 33 19 44 29 62 
10 33 20 45 30 68 
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If M represents the median, and n the number of items 
M=Size of ZEL items 

30+1 


=Size of —— items 
=Size of E item. 
__ Size of 15th item+Size of the 16th item. 


2 
— =39 marks 
If Q, represents the First Quartile, and n the number of items: 


ni 
4 


items 


Q,=Size of 


Sie of x items 


=Size of 7.75th item. 
=Size of 7th item q- (Size of 8th ite 
=304 (32—30) 
—31.5 marks 
If Third Quartile is represented by Оз 
3 (n+!) 
7 


m Size of 7th item) 


Q4-Size of items 


—Size of items 


30304-1) 
(Күт? 


=Size of 23.25th item. 
=Size of 23rd item - (Size of 24th Денс of 23rd item) 


7484-1 (49—48) 
—48.25 marks. 


PROBLEM 1.31 Find the median size of the shoes from figures given 


' below ;— 
Size of Shoes Frequency 
4.5 1 
3 2 
5.5 4 
6 5 
6.5 15 
7 30 
75 60 
8 95 
8.5 82 
9 75 
9.5 44 
10 25 
10.5 15 
Hi 4 


Octile, Also calculate the Quartiles, 7th Decile, 46th Percentile, 3rd Quintile and 5th 
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SOLUTION. Calculation of the median size of the shoes :— 


Cumulative 
Size of shoes Frequency Frequency 
45 1 1 Ж 
5 2 3 
. 4 7 
5 12 
6.5 15 27 
7 30 57 
7.5 60 117 
8 95 212 
8.5 82 294 
75 369 
9.5 44 413 
10 25 438 
10.5 15 453 
1 4 457 
Median =size of nH pairs ; where л equals the total frequency 
| 
=Size ог TF or 270th pair 
=8.5 
Lower Quartile —Size of ÈL pairs 
=size of eu or 114.5th pair 
=7.5 
Upper Quartile =Size of set) pairs 
—size of ATED or 343.5th pair 
=9 
е +). 
7th Decile =size of Iq Pairs 
=size of еы: or 320.6th pair 
46th Percentile size of pn) pairs 
—size of 100 or 210.68th pair 
=$ 
3rd Quintile =size of tet) pairs 
size of Lor 274.8th pair 
=) 
5th Octile size of ops rs 
=size of TTD or 286.251h pair 


=8.5 
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"PROBLEM 1.32. The table below shows the age distribution of married fema- 
les according to sample census of 1971 in the Gujrat State. 


Age Number of married females 

0-5 3 

5-10 3l 

10-15 410 

15-20 1,809 

20-25 2,446 

25-30 2,223 

30-35 1,723 

^ 35-40 1,292 
40-45 3 

45-50 762 

50-55 531 

35-60 317 
60-65 156 
65-70 59 
- 70-75 37 


Calculate the median age of married females and aiso the two quartiles. 
T SOLUTION. Calculation of the median and quartile ages of married 


| Age Number of married Cumulative Frequency 

* females 
0- 5 3 3 

: 5-10 31 34 

^ 10-15 410 

15-20 1,809 2,253 
20-25 2,446 a 
25-30 2,223 6, 
30-35 1,723 8,645 
35-40 1,292 9,937 

D 5 963 10, 

j 45-50 762 11,662 

i 50-55 531 12,193 
55-60 317 12,510 
60-65 156 12, 
65-70 59 12,725 
70-74 37 12,162 
Total 12,762 


The median age of married females 
=the age of the 3 females, where л equals the total frequency 


age of the i.e., 6381 married females who lie in the (25-30) age 


12762 
2 


END. Applying the formula of interpolation, 


l-h Where, M represents the median, 1, and . 
Et 72 (nge) i the lower and the upper limits! of the 
p in which median is situated; / the 

uency of median class, m, the number of 

middle item or л[2 items and с, the cumulative 

frequency of the group lower than the one in 
which median is situated. 


2 2 
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M=254 ae (6381—4699) 


==28.8 years, approx. 


The lower quartile age of married females 


=the age of the n[2j.e., 3190.5 married females who lie in the 2 
age group ; 


By interpolation 


l . where, O, represents lower quartile, /, and lg, 

Ql A (are); lower and the upper limits of the group in 
lower quartile is situated, f, the frequency of 

quartile class; 4; the number of n 4 items; ai 

the cumulative frequency of the group lower 

the one in which the lower quartile is situated. 


=204 e (3190,5—2253)—20-12.09 

=22.09 or 22.1 yrs. approx. 

The upper quartile age of married females 

=the age of the 3 (n)/4 i. e., 9571.5 married females 
who are situated in the 35-40 age group ; 

By interpolation, 


Ж 5—1 ‚ Where Оз stands for upper quartile ; 1 

Ql u (a=) for the lower and the — imits of the 
in which upper quartile is situated; /, f 
frequency of upper quartile class; дз for 
number of 3 (f4 items: and с for the cumu 
tive frequency of the group lower than the! 
in which the upper quartile is situated. 
—354- 157 (9571.5 8645) 


7738.6 yrs, approx. 


PROBLEM 1.33. Calculate the values of the median and the two quar 
for the following :--- 


Limits for percentage recovery Factories in India 
of sugar on cane, (1974-75) 
8.0-8.2 2 
8.2-8.4 5 
8.4-8.6 4 
8.6-8.8 11 
8.8-9.0 11 
9.0-9.2 11 
9.2-9.4 13 
9.4-9.6 10 
9.69.8 7 
9.8-10.0 6 
10.0-10.2 3 
10.2-10.4 1 
10.4-10.6 7 
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SOLUTION. Calculation of the median and quartiles percentage recovery 
of sugar. 


Percentage recovery of No. of factories Cumulative 
sugar on cane Frequency 
8.0- $. 2 2 
8.2- 8.4 5 1 
8.4- 8.6 4 ı1 
8.6- 8.8 11 22 
88- 90 11 33 
9.0- 9.2 11 44 
92- 94 13 51 
9.4- 9.6 10 67 
9.6- 9.8 7 74 
9.8-10.0 6 80 
10.0-10.2 3 83 
10.2-10.4 1 84 
10.4-10.6 1 85 


-—— 
n=85 


The Median percentage recovery of sugar on cane is 9.17, as 
M=the percentage recovery of sugar on cane of the 85/2 
i.e., 42.5th factory. 
_  =(9.0—9.2) recovery group, and 
By interpolation, 
M=!,4- 28 (m—c)—9.04- 5220 (42.5-33)=9.17 per cent. 
1 
The lower quartile percentage recovery of sugar on cane is 8.8 as 
Q,=the percentage recovery of 85/4 ie., 21.25th factory. 
—(8.6-8.8) recovery group; and by interpolation 


$855 (21.25—11)=8.78% 


Oli у= (d,—0—8.64- 


The upper quartile percentage of recovery is 9.54, as 


O the percentage recovery of — i. e., 63.75 factory. 
==(9.4— 9.6) recovery group ; and by interpolation : 
о CM eH 9.44- 36x ess 


z (ga- c) 
9.53 per cent. 
"A PROBLEM 1.34. Calculate the mean and median for the. following distribu- 
n. 


Weight of boys in a certain Nuinber 
class 
100-104 4 
105-109 14 
110-114 60 
115-119 138 
120-124 206 
125-129 298 
130-134 380 
135-139 450 
140-144 500 
145-149 430 
150-154 260 
155-159 128 
160-164 66 
165-169 28 
170-174 12 
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SOLUTION. Calculation of the Mean and the Median Weight of 2974 


values 


Mean weight of boys — x * = 137 + 32. - 138.14 


Median weight of the boys — the weight of the 2 i.e., 1487th boy 


who lies in the 134.5-139.5 weight group. By interpolation 
M = 1345 4995 145. (1487—1100) —138,8 


PROBLEM 135. The following table gives the distribution of the male and 
female population of a certain area in India, By finding the mean age, the median 
age, and the upper and lower quartile ages 


make comments on the age distribution 
of the two sexes in the area : 
Age group Male Female 

0- 9 2,756 2,787 
10-19 2,124 2,032 
29 1,677 1,724 
30-39 1,481 1,485 
40-49 1021 1,022 
50-59 610 579 
60-69 245 269 
70-79 4 78 
16 20 
90-99 3 4 


-s 
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7 SOLUTION. Determination of median, lower and upper quartile ages. 

3 

‚ Жс шшш EN NE. e 
limit 


[Frequency | Cumulative | Frequency Cumulative 
Frequency Frequency 


Required 
age Male Female 
Median 
Age of 5,000th male =Age of 5000th female 
—(19.5-29,5) age group; =(19.5-29.5) age group; 
By interpolation By interpolation 
2 29.5— 19.5 А 29.5—19.5 
—19.54- igr (120) =195+ “a (160 
==20.21 yrs. — 20.55 yrs. 
Required age Male Female 
Lower quartile Age of 2500h male Age of 2500th female 
—(0—9.5)age group;By =(0—9.5)аве group; By 
interpolation interpolation 
28 9.5 9.5 
=0+ —6 (2500) yrs. ==0-+- sg (2500) yrs. 
=8.62 yrs. 8.52 yrs. 
Upper Аре of 7500th male As of 7500th female, 
Quartile age —(29.5—39.5)age group; (29.5 —39.5) age group 
By interpolation y interpolation 
10 10 
=29.5+- Tar (943) z29.5 + fas” (957) 
7705.87 yrs. 2:35.98 yrs. 
table PROBLEM 1.36. Determine the quartiles and the median for following 
Income No. of persons 
Below Rs. 330 * 69 
Rs. 330 and below Rs. 340 .- 167 
Rs. 340 and below Rs. 30 + 207 
Rs. 350 and below Rs. 360 +» «* 65 
Rs. 360 and below Rs. 370 ++ I 58 
Rs. 370 and below Rs. 380 ·. * 27 
Rs. 380 and over " ve 10 
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SOLUTION. Calculation of the median and quartile income. 


Cumulative 
Income No. of persons Frequency 
Below Rs. 330 69 69 | 

Rs. 330 and below Rs. 340, 167 236 
340 and below Rs. 350 207 443 
Rs. 350 and below Rs. 360 65 508 
Rs. 360 and below Rs. 370 58 566 
Rs. 370 and below Rs. 380 27 593 
Rs. 380 and over 10 603 


The median income is Rs. 343-16, as 
=the income of п[2 ie., 301.5th person, and therefore, it lies in the 
340-350 income group ; 
By interpolation. 


350- 


11 340. ior (3015236134316 rupees 


The lower quartile income is Rs. 334°9, as. 


О, =the income of 15075 person and, therefore, lies in the 330—340 income 
group ; 
By interpolation, 


Q,—3104- 00—230 (15975. 9). 334.9 rupees 


The upper quartile income is Rs. 35142 as 


В Q;—the income of 452-25 person and, therefore, lies in the 350—360 
income group 


By interpolation ; 


05350 *60- 350 (452.25—443)—351.42 rupees 


PROBLEM 1.37. The following table classifies the she-buffaloes of India in 
1970 according to the yield of milk T day. Calculate from the data the mean and 


the median yield of milk per she-buffalo. 
Yield per day in kgs. No. of she-buffaloes 
in thousands 
Up to 1 
Above 1 to T 2005 
” 2 to 3 7706 
» 3 to 4 4590 
E 4 to 5 2080 
» 5 to 6 240 
» 6 to 7 3580 


Total 20315 


TR SOLUTION: Calculation of the mean and the median yields of milk рег 


Mean yield of milk per she-buttalo 
wey, 1,242 5 
=3 5+ 3931s 23:5---06kgs.—3:56 kgs. 
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No. of she 


fedian yield of milk per she-buffalo 


zxyield of the — Le., 10157-5th. she. buffalo 


=(3—4) yield group; By interpolation : 


BU = (10157-5—9825)—3.07 kgs. 


PROBLEM 1.38. Find the median and the quartiles. 


Number of workers 

Amount of wages receiving such rate of Wages 
Not exceeding 8 Rupees 85 
yer 8 Rs. but not exceeding 10 Rs. | ' 15 
Over 10 Rs. but not exceeding 12 Rs. 30 


Over 12 Rs, but not exceeding 14 Rs. 

“SOLUTION. Cakulaüon of the median and the quartiles wages. 

- Number of workers Cumulative 
receiving such Frequency 


Amount of wages Bate of VSR 
xceeding 8 Rupees А 85 fa 
8 Rs. but not exceeding 10 Rs. 65 209 
10 Rs. but not exceeding 12 Rs. 1 1 259 


er 12 Rs. but not exceeding 14 Rs. 
1-259 
3 


Median wages—the wage of the > i, e., 129:5th ':.bourer 


which lies in (over 8 but not exceeding 10 R^) 
wage group ; By interpolation. 


84 078 (1295—85)—94 rupees. 


quartile wage Р 
=the wages of the 259/4 ie», 64.74th latcurer, whic 
ding 8 rupces) wage group : By interpolation 


—64- M (64:15—0)—1.52 rupees 


h lies in (not excee 


pper Quartil s і 888 
Sede Watt the 3(259)]4 ie., 194:251һ labourer which lies in (ом 
10 Rs. but not exceeding 12 Rs.) wage group : By interpolation, 


=104 125210 (19425—150)=11 rupees. 


32 Practical Problems in Statistics 


PROBLEM. 1.39. Amend the following table, and locate the median E 
the amended table. Also measure the magnitude of the median so located : 


Sizes Frequency 
10-15 10 
16-17.5 15 
17.5-20 17 
22-30 25 
30-35 28 
35-40 30 
45 & onwards 40 
SOLUTION. Calculation of the median size. " 
Sizes Frequency Cumulative 
10-20 42 42 
20-30 25 67 
300 58 125 
40-50 40 165 
M=the size of the 5 item ; 


—thesize of the ا‎ ie., 82.5th item; | 


which lies in the 30—40 group ; 
By interpolation we have 
„—1 
M= 2 m—c) 30 
i+ SOM ste 
Thus the median size is 32.67 


PROBLEM 1.40. The following table gives the marks obtained by 65 student 
їп Statistics in a certain examination: 


oS 


(82.5—67)—32.67 


Examination marks Number of Students 
More than 70%, 7 
More than 60%, 18 
More than 50%, 40 
More than 40% 40 
More than Er 63 
More than 20%, 65 


Calculate the median of the above series. 
SOLUTION. Calculation of median percentage of marks. 


Marks Number of students Cumulative frequency 
(m) (Р) (е) 
20-30% 2 2 
3 25 
40-50% 0 25 
im ; | 
58 
Above 70%, 7 65 


M=Size of n/2 items 
=Size of 65/2 items 
=Size of the 32.5th item which lies in 50-60 group. 


=50 45020 (31.5-25)—50.4- (+ x15) 
=50+3.4=53.4% marks 
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-Median—Size of + or 32.5th item, which lies in 50-60 group. 
=, К 
=+ ET- (т-с), where c represents the difference 
ч 1 


items are arranged in descending order, instead оі 


change is necessary. 

С 60— 50 г 210. 

=50-4- —7,— [32.5— (65—40)] =5 + 22 (32.5— 654-40). 
0. 10275. 4 75) за 253.4 percent marks. 


PROBLEM 141. Find out the median of the following series : 


Wages No. of labourers 
Rs. 
260-270 5 
250-260 10 
240-250 20 
230-240 5 
* 220-230 3 


No. of labourers Cumulative Frequency 


8 ) (f) 


Median Value of 21.5th item which is in 40-50 group. 


he total frequency and the cumulative frequency of the median group. 


—2404- E x 5) -20-615224675 rupees. 
F.3 


LAM 


EM 


5 


between the total frequency and cumulative frequency of the median group. 
d ascending order, this 


=h + ap (m — c), where ‘g represents the difference between 


euo, -T 25-04-35 ]=2404 Жү 21.5—43+-35) 
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PROBLEM 1.42. Forma frequency distribution of the Following data givin 
the index numbers of 60 commodities ina certain year and find the value of: th 
Mean and the Median, , 


M 
76, 79, 81, 86, 86, 87, 89, 90, 91, 94, 95, 96, 96, 96, 97, 99, 99, 100, 100, Jol, 
101, 101, 102, 104, 104, 104, 105, 106, 106, 107, 108, 108, 109. 109. 109. 110, Ill 


111,112, 113, 113, 114, 114, 115, 116, 116, 116, 117, 117, 118, 119, 120, 121, 12 
123, 124, 125, 128, 129, 134. 


SOLUTION. The items in the question аге already arranged in ascending 


, 441 604-1 
order and hence Median will be the value of the middle item or 4 or —3 


or 30.5th йет. M is, therefore, equal to 1074108 107.5 


{ 6378 
Mean or Arithmetic average 2" == 
ion it i i і urate) 
In such a question it is sometimes more convenient (though less accurate 
to convert the Ac into a continuous one and then to solve the problem, as Š 
done below :— | 


=106.3 


Calculation of the Mean and the Median Index Numbers. | 
Deviations Total Cumulative 
д from the Deviation | Frequency 


assumed 


125-135 


Mean of the Index Numbers 
Zdx 420 
Mean= x +——=100+ 60 =107 


' 
f 
Median Index 3 value of the n/2 ie., 


30th item, which lies in the 105-115 groups. ВУ 
interpolation 


—1054- ui. (30—26)— 107.35 


Thus the Mean and the Median Index Numbers according to this method 


are 107 and 107.35 respectively. It shall be noted that there is a significant 
difference between the value of the mean calculated by the two methods. 
former value (106.3) is more accurate than the latter (107). 


PROBLEM 1.43. /na small branch of a bank in rural area, the [pliow a 
the average deposit balance of current accounts during a month. Calculate mediat 
7th decile and 85th percentile. 


Deposit balance No. of deposits * 


Less than Rs. 1000 500 
Rs. 900 498 | 
Rs. 800 480 
Rs. 600 475 
Rs. 550 440 
Rs. 500 374 
Rs. 400 300 
Rs 250 125 


—Size of 50 items 


.. Calculation of median, 7th decil 


No. of deposits E 
(f) 


Size of n| 2th items 


=Size of 250th item which lies in 250-400 group 


interpolation 


IL 


Site of 


Ї М=2504-——175— 


СЕ of ——— 


400—250 
һе: 


150 
=250-+ 175 


—250--107.1 =357.1 rupees approx. 
1575 


(250—125) 


x125 


item 


2 500) 
10 


Sire of 350th item which lies in 400—500 group | 


item 


Interpolation 


n 


D4—4004- 


N * 


P. size of 


eo (350—300) 


—4004- 100 90. (50) 
guns rupees approx. 


85 (nth 
—up dm 


Size of SNO, 700 — item 


х —Size of 425th item which lies in 500—550 group | 
By interpolation — 


plu 
ib 


Pys=500-4- 80 30 (45-374) 2 
£ > 

sie a8 

=500-+- E (51) ЖЬ 1 


=500-+-38.6— 538.6 rupees approx. 


yai 


4 


36 Practical Problems in Statistics 


. PROBLEM 1.44. The following table gives the weekly wages in rupees 
certain commercial organization : 


Calculate from the above data : 


(i) The median and the third quartile wages. 
(ii) ы number of wage earners receiving between Rs. 37 and 4$ Р 
week, 


SOLUTION. Calculation of median and quartile wages 


(i) The median wages are Rs. 40.32, as 


the wages of 250/2 or 125th person, and, therefore, it lies 
the 40— 42 wages group. 


By interpolation. 


M=40+4- d (125—115)——40.32 rupées approx. 
The third quartile wages are Rs. 42.54, as 


a- ће wages of 3250/4) ог 187.5th person and, therefore, lies іп 42 
Wages group. 


Q4—424- AN (187.5—177)—42,54 rupees approx. 
(i) The number of wage earners between Rs. 37 and Rs. 45 per vo 


as under : 
Rs. | 
Between 36—38—30 workers | 
=~ 
40—42—62 „ | 
42—44—39 „ 
44—45— 10 


— 
Total Rs. 31—45—175 workers 
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PROBLEM 1.45. The following table gives you the distribution of marks 
d by some students in an examination : 


Marks No. of students 
(out of 100) 


Find : (i) Median marks 


(ii) The percentage of failures if the minimum for a pass is 35 marks. 


SOLUTION Determination of Median marks. 


4 Marks No. of students Cumulative Upper limit 
(out of 100) frequency 
8 20. 


(i) The median is 40.8 marks as 


; М=лһе marks of n[2 i.e., 200th student, and, therefore, it lies’ in the 
.5—40.5 marks group ; 


By interpolation. 


40.5 —30.5 
120 


(ii) The student who secures 34 marks is failed in the exam. Therefore, 
h percentile will give the number of students who secured marks 34 and less. 


М=30.5+ (200—80)—40.5 marks. 


pxzl4- ЕЕ: (р -o where pxstands for any percentile. 
ie., 3430.54. s 30.5 у 


or 34—30.5.- ur (x —80) 
or 33 .10x— 800 
170 —— 


or 10x—1220 


۰ 12 
ES 10 — =122th student. 


Thus, the Percentage of failures= 12, 100—30.596 
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MODE 
PROBLEM 1.46. Find out the mode of the following series :— 
Size of item Frequency 


1 
2 
3 
4 
5 
6 
7 
8 
9 22 
10 
10 
12 
13 
14 


SOLUTION. 


Location of mode by grouping. 


No. of time 
size occurs 
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The size7 is, therefore, the mode, which is the most frequent size 
of the items. 
PROBLEM 1.47. Find out the Mode of the following series : 


Frequency 


ontaining maximum frequency 


Size of item с 


The size 9 is, therefore, the mode. 
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PROBLEM 1.48. The following table gives the length of life of 150 elec 
lamps :— 


Life (hours) Frequency of lamps 


0 to 400 4 
400 to 800 12 
800 to 1200 40 i 
1200 to 1600 41 
1600 to 2000 27 : 
2000 to 2400 13 
2400 to 2800 
2800 to 3200 


Calculate the arithmetic average, the median and the mode. 


SOLUTION. Determination of Mode by grouping. 


Life (hours) 


Columns Size of group containing maximum frequency 
d) 1200-1600 - 
(2) 800-1200 1200-1600 Р 
(3) 1200-1600 1600-2000 
(4) 1200-1500 1600-2000 2000-2400 
(5) 400-800 800-1200 1200-1600 
(6) 800-1200 1200-1600 1600-2000 | 
No. of | 
times the 1 3 6 3 1] 
size 
occurs | 


Therefore, 1200-1600 group is the modal Mode lies in this ШО 

and by applying the formula of interpolation, SEE. Ew | 
Ex e р | 
e | 

Where Z stands for Mode. | 


1 and /, stand for the lower and upper limits of the modal | 


group, 

Л, stands for frequencies in the modal group. 

fo » » * group preceding the modal grouP: 
h » » ii group succeeding the modal grou 


= 1226.67. hours. 
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Thus, 

The Modal life of the lamp = 1226.67 hours. 

The Median life of the lamp = 1385.36 hours (size of 75th item). 

And the Mean life of the lamp = 1453.33 hours. 

(Mean and median may be calculated in the manner as explained before). 


PROBLEM 1.49. The following is the age distribution of candidates appear- 
ing at the Matriculation and Intermediate Arts examination of a University in 1974. 


“Age inyears 12- 13- J4- 15- 16: 17- 18- 19- 20. 21- 22 Total 
Matriculation 5 48 189 303 522 980 981 794 515 474 x 4811 
Intermediate каре, х 5 45 87 127 150 155 127 175. 871 


the median and modal ages of the Matriculation candidates with those 
of l. A. candidates. 


SOLUTION. Matriculation Examination. 
Determination of Modal age by grouping 


‘The modal age group is, therefore, 18-19 age group- By interpolation. 


Z=. ي‎ E 
vt If h) 


981 – 980 1 
184- » 84- 
“18+ -952-980- 794 ©? 18e 18178 


718.005 years approx. 
Median = age of > i. e., 2405.5th candidate 


which lies in 18-19 age group ; 
By interpolation, 
Median = 184- 12—18 2047) = 18.37 years approx. 
184 2518 (2405.5 2047) y 
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Intermediate Arts Examination. 
Determination of modal age by grouping 


No of 
times 


No. of candidates Cumu 


132 О 
f aul 
ES 
vig 


The modal age group is therefore 20-21 age group, 
By interpolation, 
Z=l,+— h- A (4-1) | 
20 “i _ (21 - 20) = 20.15 years 
Median age = (ће age of the 435.5th candidate, 
which lies in 20-21 age group. 


By interpolation, 


=20+ 2-2 (435.5 — 414) = 20.14 years. 


а group lative 
contains Fre- 
maximum quency 


frequency 


13-14 
14-15 


15-16 
16-17 


17-18 
18-19 


19-20 
20-21 


On comparison we find that the median and modal ages of Matriculation 
candidates are lower than those of T. A. candidates by about 2 years. 


PROBLEM 1.50. The Јон table shows the frequency with which profits 
are made. What is the Mode 


Frequency 
Exceeding Rs, 3,000 and not exceeding 4,000 83 
Exceeding Rs. 4,000 and not exceeding 5,000 27 
Exceeding Rs. 5,000 and nor exceeding 6,000 25 
Exceeding Rs. 6,000 and not exceeding 7,000 50 
Exceeding Rs. 7,000 and not exceeding 8,000 75 
Exceeding Rs. 8,000 and not exceeding 9,000 38 


Exceediug Rs. 9,000 aud not exceeding 10,000 18 
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UTION. Determination of mode by grouping. 


No. of items 
group occurs 


ToL ep e[ @ & | maman 


- — 
— 

б 8 

— — 

(с ү 

Satin 

5 
8 

= یي دي 


Mode therefore lies in the profit group exceeding RS. 7,000 
and not exceeding Rs. 8,000 


interpolation, The Modes! Ji 7 fo Ll 
- РОБА PME M 
E 100+ —35-39-38 (009-7000 
TOM = 7403 rupees approx. 
Thus, the modal profit as revealed by this series is Rs. 7403 approx. 
А PROBLEM 1.51. Find the modal wage group from the following table :— 


Wages in Rupees No. of labourers 

Above 330 520 

x MO 470 

» 350 399 

„ 360 210 

, 370 105 

: Е 380 45 

_ Saal " 390 
SOLUTION. Determination of modal wage group by grouping. 
pe^ o-orTabourers (frequency No. of times 
а group 


-— Wage-groups (3) (5| (6) contains 
EN es maximum 


E Not- 
4 exceed- 
М А ing 
9.340 
р, 121 А 
340-350 i } po 
50.360 | be 2 
: 360.370 pe | 
ri 80 ps 
203 | t105 
350.250 {98 } | 
0 and s 
above 


1 


aw 


w 


1 
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л- 189-71 
Z=l,+ PAS (Ia) = 350% рст Ib (360-350) 


=350 +5.84=355.84 Rupees, 


‘The modal wage group is therefore, the wage group which is exceeding Rs. 
350 but not Rs. 360. { е T 


PROBLEM 1.52. Find out the median and the mode for the following table :— 


No. of days absent No. of students 
Less than 5 29 
Less than 10 224 
Less than 15 465 
Less than 20 582 
Less than 25 634 
Less than 30 644 
Less than = 35 650 
Less than 40 653 
Less than 45 655 


SOLUTION. Determination of mode by grouping. 


To TES 


‘ 
| |» 
| 


The modal group is, therefore, the 10-15 group. By interpolation, 


The Mode- J =I Е 
: Sy mA-A (9-10 
241 - 195 
2104. 382—195—1 (15—10) = 11.35 days. 


Median =the no. of days the 327.5th student remained absent which lies 
in 10-15 days group. 


By interpolation = 10+ 1510 G27. 220 212.15 days. 


P & Р 
60 to 17 60 
60 to 22 60 
60 to 27 60 
60 to 32 60 
60 to 37 60 
60 to 42 60 
60 to 47 60 
60 to 52 60 
60 to 57 60 


ION. Location of mode by grouping. 


dal wage group is therefore the 22 
polation, 


= 25.17 sterling. 
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1.53. Find the modal wage from the following data : 
eekly Wage : No. of Wage earners 


NNN SaS Sa 


No. of wage-earners (Frequency) 


EM 1.54. Find out the mode of the following series :— 


Size of item Frequency 

0- 9.99 10 
10-19-99 14 
20-29.99 16 
30-39.99 14 
40.49. 99 11 
50-59.99 13 
60-69.99 17 
70-79.99 13 
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SOLUTION Location of mode by grouping. 
Frequency 


Number of 
limes a group 
Occurs in the 
max. Fre- 
quency 


0-9.99 
10-19.99 
20-29.99 
30-39.99 
40-49.99 
50-59.99 
60-69.99 
70.79.99 
On analysing the above table we find that there are two modal groups, 


20-29.99 and .60-69.99. This isa case ofa bi-modal series. In such cases ЇЙ 
better to compute some other average than mode. 


PROBLEM 1.55 From the data given below find the mode. 
Ages 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 | 
No. of persons 50 70 80 180 150 120 70 50 
SOLUTION. Location of mode by grouping 
5 7 


ANALYSIS TABLE 
Columns Size of group containing maximum frequency 


No. of times 
the size occurs 1 
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Therefore, 40-45 group is the modal group. 
By .. f 
= — X (Io - 1, 
2 тч mp ey = X (loh) 
2404 150- 180 
2x 150- 180~ 120 


-30 
2407 Ü bns 


Division by zero is not a permissible operation, Hence, in this case mode 
cannot be determined by this method. 


* 


So Modes /, +R yj wherein i represent (/„-/,) 
10 
120 
180+ 120 
=40+2= 42 years, 
PROBLEM 1.56. The following table gives the monthly income of 24 fami- 
in a certain locality :— 


Serial No. of 
the family 


=40+ x5 


lies 


Monthly income 


Monthly income Serial No. of 
in rupees the family in rupees 
260 13 
500 14 
286 15 
295 16 


Calculate the arithmetic average, the median and the mode of the above in- 
comes, Which average would represent the above series the best ? Give reasons, 


SOLUTION. The total of all the 24 items is Rs. 8005 


“^. Arithmetic average— 2 rupees 333. 54 rupees. 
T If these items are arranged in ascending order of magnitude the values of the 


and 13th items would be 295 and 296 respectively. 


Median Pire +296 rupees or 295.5 rupees which is the value of the 
middle item, 


, For the Calculation of mode the data would have to be grouped in class 

tervals as has been done below :— 
Income No. of families 

Rs. 
260-280 4 
= 280-300 10 

300-320 4 
320-340 0 
340-360 1 
360-380 7 
400 and above 4 


Mode lies in the 280—300 group. By interpolation 
z=1,+ 4 — 015—1) 
0 2 


110-24 


—2 t 44 

Since 18 families out of 24 earn less than Rs. 320, arithmetic average dos 

not best represent the series. Median represents the series best because the valu 
of mode has been interpolated and such values are not very accurate. | 
i 


PROBLEM 1.57. Number of workers and average earnings per worker 
four factories in 1969 and 1971 were as under :— | 
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| 
| 


(300—280)—290 rupees. 


Average Earnings — 
in Rupees. 


Calculate the average earnings per worker in 1969 and 1971 for all the fo 
factories combined. 
SOLUTION. Calculation of cómbined mean 


For 1971 : 
Combined mean MILL tama Lee тта 
For 1969 nite pet 
1 
c _ Q00 x 143)4(200 x 139)-- 50» 1101 150 
ombined mean or туе 004250215 


__ 42,9004-21 ,800-+5,500-+ 18,000 
L 700 


Or туз 
or туз E 134.57 rupees approx. 


For 1971 


2005! 
Combined mean ог = QOO X155) 100200 md 900 оне 


2 
30,600-1-70,5002- 1 1 5500.1:25.000 
1 


==137.4 rupees. 


1,37,400 
1,000 Р 
. PROBLEM 1.58. The mean wage of 100 labourers working in а factor? | 
ning two shifts of 70 and 80 workers respectively is Rs. 284. The mean Wa 
70 labourers working in morning shifts is Rs. 290. Find the mean wage % 


workers working in the evening shi ft. 
SOLUTION. 


We know that combined mean 2d — ue 
im. 
түу=Ёз. 284, m-—70, 1230, тү=290 
284— 20% 2904-30 x m. 
28400— 20300 ＋ 30m, 
30m,- 8100 


s. m= 990 270 rupees. 
^ 1 
Thus the mean wage of 30 workers working in the evening shit Is Re 
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PROBLEM 1.59. The mean salary paid to 1000 employees of a factory was 
to be Rs. 180.4. Later on it was discovered that the wages of two employees 
wrongly taken as 297 and 165 instead of 197 and 185. Find the correct 


SOLUTION. Calculation of correct mean 


Mean— am 
n 
Zm 

180.4— 1000 


у. ®т=1,80,400 
rect Zm—=1,80,400—297—165+197+185=1,80,320 
'orrect mean 000 Rs. 180.32 


PROBLEM 1.60. The average marks for arith 
top six students had an average of 31. What was 


students ? 
А k А nym Anm 
SOLUTION. Combined arithmetic mean= 1122 
пупе те 
Where n; and n, stand for the number of items in the two series and my _ 
and т, for the mean of the two series respectively. 
By substituting the values given in the problem, we get 
631424 x ma 


metic іп a class of 30 was 52. 
the average mark of the other 


2= 

64-24 

TX CRM 1864-24ni, 
30 

or 1560=186-+24m, 

. 24 m,—1374 

1374 

„ mm др = 5 marks. 


Hence, the average marks of the other students is 57.25. 


go, PROBLEM 1:61. The mean age of a combined group of men and women is 
1 eas. If the mean age of the group of men is 32 ‘and that of the group of women 
_ 55 27, find out the percentage of men and women in the group. 


SOLUTION. Let men be x% ; then females would be (100-x)% 
_ Total age in ft hole group (let it be 100) and that of men and 
Ен аа, he whole group ( 


32x--27 (100-x)=30 x 100 
ог 32x + 2,700—27x— 3,000 
ог 32x—27x—3,000—2,700 


r 


or 5x—300 
A xe Lg 


5 
It means there were 60%, men and 10060 40% women. 


PROBLEM 1.62. /n a moderately skewed distribution 
(а) Arithmetic теап=24.6 and the mode 226.1. Find the value of the 
median and explain the reason for the method employed. 
(b) In a moderately asymmetrical distribution. the value of median is 42.8 
and the value of mode is 40. Find the mean. 
(c) If the mode and mean of a moderately asymmetrical series are respec- 
tively 26 and 20.2 meters compute most probable median. 


Е, 4 
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SOLUTION. All the three cases can be solved with the help of the fc 


ing formula, 
(Median — Moe (Mean — Mode) 
Mode—3 Median —2 Mean 
(a) Substituting the given values, we get 
26.1—3 Median —2x 24.6 
ог 26.1:=3 median —49.2 
75.3 
3 
(b) Substituting the given values, we get 
40=3 * 42.8 2 Mean 
or 40—128.4—2 Mean 
E^ Mean 44.2 
(c) Substituting the given values, we get 
26—3 Median — 2x 20.2 
or 26—3 Median —40.4 
66.4 
4 


©. Median— 


= 25.1 


-. Мейап= —— == 22.13 meters approx. А 


PROBLEM 1.63. How are the mean and median affected when it is k 
that for a group of 10 students, scoring an average of 60 marks, the best pa 
was wrongly marked 80 instead of 75 ? Р 


SOLUTION. Calculation of correct mean 
Xm 


Arithmetic mean or =a P 


or Tm 
ог Zm-—600 
Correct Zim 600— 80-I-75— 595 


Correct mean. 395 = 59.5 marks 


The value of median will not be affected by this error because this B 


Positional average and the median value is 60 which is far away from the val 
80 and 75. 


PROBLEM 1.64. An incomplete distribution is given as follows: 
Variable 


Frequency 
10-20 12 
20-30 30 
30-40 ? 
40-50 65 
50-60 ? 
60-70 us. 
70-80 18 


(a) Using the median formula ЛЇЇ up missing frequencies. 


229 

"2 are given that the median value is 46. 
(5) Calculate the arithmetic mean of the computed table. 

i 
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Calculation of missing frequencies and mean. 


of the group 50-60—229—(150--x)—79—x 
edian number we shall use R,) and not 112 because the given 
has been calculated as such. 

|+ 5 (m—c), by putting the known values 


50— 40 
65 


{115—(42+x)} 


е, first missing frequency is 34 and second missing frequency is 45. 
tic average or а=45-- э —45.83 approx. 


ЕМ 1.65. The median and mode of the following wage distribution 
be Rs. 233.5 and Rs. 234 respectively. Three frequencies Values 
are, however, missing. Can you find these frequency Values? 


Wages in Rs. Frequencies 
200-210 4 
210-220 16 
220-230 ? 
230-240 ? 
240-250 д 
250-260 6 
260-270 4 


220-230 x 
У 
50 230—30—х—у 
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The median is 233.5 (given) hence it lies in the 230-240 class interval. 


is 234 (given). It also lies in the same class interval. 
Median i- E ino 
2 OL am o (-— 009) 
£ 
دیو‎ -Ї9 (11529, 


or 3.5y—1150—200—10x 
or 10 K 38 950 @ 
Mode = V X(lg—h) 
0 1 " 
у—х 
= 10 
or 234=230+ ууу 
y =g 
— 0 
or = Fey >! 
10у — 10x 
« 4= 37-200 
or 12y—800= 10у — 10x 
or 10x4-2y—800 (ii) 
By subtracting (ii) from (i), we get 
1.5y==150 
Jai 100 
Substituting the Value of y in (i) we get 
10x4-350—950 
or 10x = 
ey х=60 
Hence the missing frequenci es are 
Class intervals сот 
220-230 
230-240 100 
240-250 40 


GEOMETRIC MEAN 


items 


133, 141, 125, 173, 182, 
SOLUTION. Calculation of the geometric mean. 


Size of item Logarithms 
133 2.1239 
' 141 2.1492 
125 2.0969 
173 2.2380 
182 2.2601 
te Е ——M 
næ5 Jlogs— 10.8681 
According to the formula, viz. 
Geometric mean—nv/axbxcxXd... ..... Xn 


—Anti log [108 a--log Ног c-log n ] 


=Anti jos 10.8681 | 


Anti log 2.1736 
=149 (to the nearest whole number) 


PROBLEM 1.66. Calculate the simple geometric mean from the following 


Logs Deviations from 
MA оң mean 

(2.000) 

(dx) 

2.1239 .1239 

2.1492 .1492 

2.0969 .0969 

2.2380 -2380 

2.2601 .2601 

Zdx=.8681 

Deviati 
Mean- Anti log [assumed logd- Б = = 
Anti log [2+ 224 


Anti log 2.1736 
22149 (to the nearest whole number) 


192, 14374, 20498, 120674, 15491 
E ON, Calculation of the geometric mean. 
Size of E" 


in to the formula, viz. 
tric mean=Anti log (permet ot ал 34 ) 
=Anti log Zio 


ү 21.7235 
8. We get, g—Anti log A 


) =Anti log 3.1034 
1269.0 
tric mean is 1269. 
Logs from 
log mean do» 
0.6990 — 4 
po 1.2833 
" 1.1575 
4 — 13118 
43118 3 
5.0816 ‚2.081 
4.1903 1.1903 
"Edx—0.35 


1.67. Calculate the geometric mean of the following figures :— 


5 


Geometric Mean=Anti log (3 + 07225 
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—Anti log. (3.1034) 


—1269.0 
К PROBLEM 1.68. Calculate the geometric mean of the following ^ 
Series 

(a) (b) 

2574 .8974 

475 .0570 
75 .0081 
5 .5677 
8 .0001 
08 0284 

005 0854 

0009 5672 


SOLUTION Calculation of geometric mean 


Geometric Mean—Anti log [ee ees) 
n 
—Anti ]ا‎ e | 
n 
Series 4 
According to the formula, we have | 
=Anti log 21208 Anti log .2651—1.841. 
Series B 


ТАП log 16463509 ani log 2.7939—-06222 
PROBLEM 1.69. Vg n the weighted geometric average of Relative Pri 


of the following commodities for the year 1973 (Base year 1972- Price 100):— 


Weight 

Commodity Relative Price (value produced in 1972) 
orn 128.8 1385 
Cotton 624 819 
На, 117.7 842 
Wheat 99.0 561 
Oats 130.9 408 
Potatoes 143.5 194 
Sugar 125.6 142 
Barley 150.2 100 
Tobacco 101.1 103 
p 162 25 
d - 7 
Oilseeds 25 И 


How does it differ from the unweighted geometric mean, and why ? 
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N. Computation of weighted geometric average of relative 


Log. of price 


Weighted logs 
w x log. 


e geometric average— Anti log Tlogs 
ТТ ргїсез. (ze 


= Ant yg 243519. 


a Anti log 2,0464=111.3 
d geometric mean of relative prices. 


T (log a x wy Hog b x wet. Flog nxwn) 
los(. Wa-d-Wad-. . -wn ) 


Z(log x w 9399-1579 
B" ro) AME eon 
nti log 2.0323—107.7 
EM 170. Compute the geometric mean of the following series. 
Marks No. of Students 
2 
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PROBLEM 1.71, The price of a commodity increased by 5 % from In 
to 1969, 8 0% from 1969 to 1970 and 77% from 1970 to 1971. The 
increase from 1968 to 1971 is quoted as 2695 and not 30 % Explain and 
the arithmetic average, 


SOLUTION. The appropriate average here is the geometric mean and 
the arithmetic mean, The arithmetic mean of 5, 8 and 77 is 30 but thisis 
the correct answer. Correct answer shall be obtained if we calculate g 
mean. 


% rise Price at the end of the year taking log (m) 
preceding year as 100 (m) 
5 105 2.0212 
8 108 2.0334 
77 177 2.2480 


С. M—Anti jog = log т 


— 6.3026 | 
=A. L. T 


=A. L, 2.100 9— 126.2 


The average increase from 1968 to 1971=126.2—100—26.2% ог 
approx. 


VERIFICATION. When the average rise is 30% 


Rate of 
change 


Price at the end 
of each year 


2695 on 126 
2695 on 158.76 


5% on 100 
8% on 105 

77% on 113.4 
The above calculations make it clear that in the second and third 


price at the end of the third year is almost the same, the slight difference 
due to approximation. Hence, the average rise in price is 26%. | 


PROBLEM 1.72. The рој 1 in 1951, 
y Se pulation of a country was 300 million in I 
5 million іп 1969. Calculate the Percentage compound rate 0f £^ 


.. SOLUTION Let ; be i 
interest formula ; . p. d rate of growth. Applying the co 


or 520—300 (14-7) 18 
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Taking logarithms 


log (cor) ESO og 30°. 


= Ano Re она 


14-7—1.0310 


r—.0310—3.176 
PROBLEM 1.73. The population of a country increased by 20% in the 
first decade, 30%, in the second decade and 45 % in the third decade. What is 
the average rate of increase per decade in the population ? 


SOLUTION, Calculation of average rate per decade 


2nd decade 
3rd decade 


Zilog=6.3545 


=A. L. 2.1182 
—131.3 
„ Average increase per decade is 131.3— 100—31.3 % 


PROBLEM 1.74. The number of divorces per 1000 marriages in the United 
States increased from 84 in “1950 to mi in 1970. Find the annual rate of increase 
of the divorce rate for the period 1950 to 1970. 


SOLUTION. Let r be the rate of growth. 
Applying the compound interest formula : 
Pn-Po(1-4-r)n 
108—84 (1--r) 20 
Taking logarithms 


log (I) 108 108—log 84 


log (Ir) 2:0234—1:9243 


1+r=1.013 
r=0,0130=1.3% 
5.0: PROBLEM 1.75. The annual rates of growth ofa factory in 5 years are 


7.572. 5; S. 0 and 10 cent respectively. What is the compound rate of 
§rowth of output per annum p the period ? 
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SOLUTION. Applying the geometric mean 
Annual rate of | Output Relative at the 


growth end of the year 
—10.1259 
* ж x 


—Antilog 2.0252 
105.9 
compound rate of growth of output per annum for the period is 105.9 


The com 
—100=5.9%, 
HARMONIC MEAN 

PROBLEM 1.76. The monthly income of fifteen families is given below in 


80, 2,500, 90, 1,200, 1,450, 7,200, 120, 1,060, 150. 480, 360, 96, 200, 520, 
Calculate the Harmonic Mean 


SOLUTION. Computation of the Harmonic Mean of the monthly incomes 
of fifteen families 
Size of items Reciprocals 
Rs. 
80 .01250 
2500 .00040 
: ЫЫ 0111 1 
1450 00069 
7200 00014 
120 60833 
1060 00094 
150 :00667 
480 .00208 
360 00278 
96 91042. 
200 ‘00: 
$20 00192. 
60 101667 
.08048 
Е. FG d 1 
Harmonic Mean — Reciprocal at wee Mn: 


, represent the values 
of the n items of ће variab ble, and n is the 
number of items. 


= Reciprocal 2 Reciprocals 
Substituting the values, 
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Harmonic Mean of the annual incomes—Reciprocal 9 15 
—Reciprocal .00536 
=186.5 rupees. 
PROBLEM 1.77. Calculate the Harmonic Mean of the following items. 
1.0; 1.5; 5.0; 15.0; 250.0; .5; .05; .095; 1245.0; .009; 
SOLUTION. Calculation of the Harmonic Mean 


Size of the items Reciprocals 


145.4681 


i f the items 
Harmonic mean =Reciprocal—2 (Reciprocal ofthe em 


7 145.4681 
—Reciprocal 105 


—Reciprocal 14.54681=.06897. 
PROBLEM 1.78. Calculate the weighted harmonic average of ihe following 


items. 

Items Weight 

1 5 

J 10 

10.0 20 

45.0 10 

175.0 15 

01 3 

40 15 

11.2 8 


e 


sae 
885 


S 
boo ooo 


3 251 
The Weighted Harmonic Mean—Reciprocal — 35 — 
—RReciprocals 2.727=.3663. 


1.79. The following table gives the marks (out of 10) obta 
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PROBLEM ined 
by a group of students. Calculate the Harmonic Mean of the series. 


Marks Number of Students ) 
1 7 
2 11 
3 17 
4 17 
5 26 
6 31 
7 11 
8 1 
9 1 
121 
SOLUTION. Calculation of the Harmonic Mean. 
Marks Number of Students 
(m) (/) i 
1 7 7.000 
2 11 5.400 
3 17 5.667 
4 17 4.250 
5 26 5.200 
6 31 5.167 
7 11 1.571 
8 1 0.125 
9 1 0.111 | 
Zf-101 Ef |m=34.591 
Harmonic meati= Reciprocal pea ] 
=Reciprocal 34.591 
—Reciprocal 0.2858=3.519 marks. 


Note. f |m is equal to reciprocal of ‘m’ li TI iprocal d 
item multiplied by its weight: leg d or repr 


PROBLEM 1.80. A man travelled by auto for 3 days. He covered 40 
kilometers each day. He drove the first day 10 чые Kilometers per holt 
the 2nd day 12 hours at 40 kilometers per hour and the third day 15 hours at 32 


kilometers per hour, What was his average speed ? 


SOLUTION. The problem will be solved with the help of Harmoni 


3 і 


2238.92 kilometres per hour | 
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= PROBLEM 1.81. А man travels from one city to another. The distance 
between the two cities is 4 kilometres. He drives his сағ at 40 kilometre per hour. 

After travelling one kilometre the car stops running. He then travels on a tonga 
Jo kilometres per hour. After travelling a distance of 1.5 kilometres, he leaves 
the tonga and covers the remaining distance on foot at 4 kilometres per hour. Find 
average speed per hour of that person. 


SOLUTION. Calculation of weighted harmonic mean. 
H. M. c — —⅛ у 
( х1 )* 10⁵ 15)+(4-x15) 

4 . 


1 1.5 1,5 
Те E 


„ i 
22/40 1 X = 7.27 kilometres per hour approx. 


PROBLEM 1.82. A man travels 20 kilometres at 40 kilometres per hour, 
0 kilometres at 30 kilometres per hour and 30 kilometres at 60 kilometres per hour. 
t was his average speed ? 


SOLUTION. Weighted harmonic mean would be appropriate here. 
Harmonic Meanw = حا‎ 
(== м) +(x м) "(x x »,) 
Reid os ЕГА ie ишка ete eripi 2, 1 
3 kilometres 

Hence Wi, Wa and w, are 20, 10 and 30. 


E ( C 5 )+(- < 


@ „ t . ph. 
ec 45 Km. p. 


b and 
0 and 


1 1 1 
5-157 
Thus the average speed is 45 km. p.h. 
Verification 


In 80 minutes the man covers 60 kilometres 


Sw .. 25 
u 60 minutes o, O х (0= 45 kilometres 
PROBLEM 1.83, A vehicle when up a nt, consumes peirol 


щати — ef down it gíves twelve 
one litre Ат kilometres, Wi ng n it gi 

— с Рет litre. Find = average rate of consumption for to and fro travel 

two places situated at the two ends of a twenty five kilometres 
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SOLUTION. It is a problem of harmonic mean and not of a simpl 
arithmetic mean. 


Harmonic mean: 2 
E 
2 2 fog ех * 
EE = چ‎ × = =9.6 Km per litre. 
Verification : 

Distance Rate Petrol consumed 
up 25 Km. 8KPL. 4- litres 
down 25 Km. 12. K. P. L. 5 в 

50 Km. A lire, 
In 55 litres he covers 50 Km. 

^ 50.4. * 
» Iu E. * g =s Km. per litre 


PROBLEM. 1.84. An aeroplane flies along the four sides of a square al 
speeds of 100, 200, 300 and 400 (тигет per hour respectively. What is the 
average speed of the plane in its flight around the square. 


SOLUTION. In this problem harmonic mean is an appropriate average. 
4 
H. M. = 
d do abot sb0+ «do 
4 
= (2-6-+-4+-3)/1200 


4 4 1200 
e 1 =? х 25 =192 Km. p.h. 


Verification : 


Distance Speed Time taken 
(Km. p. h.) 

100 100 60 minutes 

100 200 30 minutes 

100 300 20 minutes 

100 400 15 minutes 

400 Km. 125 minutes 


In 125 minutes it covers 400 Kilometres 
» 1 minute „ ,, 125 Kilometres 


„ 60 minutes. = x 60 = 192 Kilometres Р 


hour. 
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185. A man having to drive 90 Kilometres wishes to achieve an 
of 30 Kilometers per hour. For the first half of the journey he 

у 20 Km. p. h. What must be his average for the second half of the 
average is to be 30 Km. p. h. 


: In this problem harmonic mean would be more suitable. 
the average speed for the second half of the journey 


fmonic Mean = „ n 
Res 1 
а F 
2 
30— т ESTE 
P dx 
or = L5--30[x 
or .5 = 30 
or 5х == 30 
x 22460 


e average speed for the second half of the journey is 60 Kilometres 


EM 1.86. IfA is arithmetic mean, H is harmonic mean and G is 
of two numbres, show that (a) AH=G? and (b) A> G>H (c) under 
A=G=H. Illustrate by an example. 


1 (а) Let a and b be the two numbers. Their A will be (a+6)/2 
а b and their Н will be 
1 


= ++ ba : 
i or Reci 1 MA 

er Reciprocal ab proca! 2 2 

Eo a+b 2 ab 

Чч тоса Tab or T 

Now, 4 E pe 

and a5—G? |, AH=G* 

numbers be 6 and 8 

ir A will be er ud 


Кс, .. (07782--0%0з1 ) 


ғ 


1.6813 
=A, І. .. 8407 
=6929 
Reciprocal ( 0.1667-4-0,1250 ) 
کي‎ 


7 Reciprocal — — Reciprocal 1458 


5 the given condition. 


{he given items are equal, A=H=G, and their value is same as 
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cza.. (gog 8. — m 


PROBLEM, 1.87. If arithmetic mean and geometric mean of two b 
are 10 and 8 respectively, find the values. 
SOLUTION: Let two numbers be a and b 
Then arithmetic mean=(a 152: 10 or a+b=20 | 
Geometric mean Ww. =8 orab  —64 
We know that rere ty —4 ab 
By 9 the values, we get 
203 — (a—b)* ct x 4 
a—by.—2. 
(a—b) 400-250 144 
Now a—b=12 
and a+b=20 
By adding, we get 
2= 12—32 
Г. a=16, and 5—4 
Hence the numbers arc 16 and 4 | 


REVISIONAL PROBLEM —1 


PROBLEM. 1.88, The following figures represent the number of 
issued at the counter of a commerce college library on 12 different days : 
96, 180, 22 75. 102, 270, 80, 100, 94, 75, 200, 600. Calculate the arit p» 
mean, median and mode for this data. Which of these would represent the 
ta best? 
+ (Ans: Mean—165, median—99, mode=75) 
(Mean represents the data best) | 
PROBLEM 1.89. The following table gives the age distribution of males | 
an Indian town. Find the mean age and the median age. 


Age group Males Age group Males 
0- 9 2756 30-59 610 
10-19 2124 60-69 245 
20-29 1677 70-79 67 
30-39 1481 80-8 6 
40-49 1021 90-99 3 
(Ans : Mean=23.65, Median—20.22.) 
PROBLEM 1.90. A man purchases 5 rolls of ribbons each measur", 


metres at the rate of 4, 6, 10, 12 and 15 meters a rupee respectively. Find the d 
price of ribbons, Will it make any d fases ribbons 
P ihe man purchases $ 
(Ans : 9. 4 and 7. 


PROBLEM 1.91. Find the mis. dest distribution 
Pen 


Marks 
020 Не. Students 
10-20 ? 
20-30 25 
30-40 30 
40-50 ? 
50-60 10 


(Ans: 15 and 1) 
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192. (a) Explain clearly the relationship between Mean, Mode 
oderately skewed -and normal distributions. Illustrate, 


te ihe Value of the mode by the usual formula (after grouping 


SS dss S* 
SS SSS S&S 


= 
Е] 
~ 


(Aus: Z=65) 


1:93. Calculate Median and Mode from the following table : 
Tween No. of persons 


100 
(Ans: Median—356.77, Mode 354.54) 
1.94. Calculate Mean, Median and Mode from the fallowing data 
in centimeters of a group of students: 
163, 161, 163, 164, 164, 160, 165, 163, 164, 165, 166, 164 


ose that a group of students whose heights are 160, 166, 159, 168, 
neters is added to the original group. Find Mean, Median and 


(Aus; Mean=163.2 4163.75 
Median 163.5 & 164 
Mode- 164 & 164) 


Ў 4195. Calculate 3 Yearly moving average from the following data 
Production and plot them along with the original data on a graph 


1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 

ШОУ л. 8 6-17 ЫЛ РОК 
(Ans : 5, 6, 7, 8, 9, 10, 11 and 12) 

96. A train goes at a speed of 20 miles per hour for the first 


of 40 miles per hour for 20 miles. It covers the last ten miles 
miles per hour. Find out its average speed. 2 
у (Ans; —234 т. p. h.) 


1.97. The following are the monthly salaries in rupees of 30 emp- 


220 219 200 187 165 177 199 195 

186 — 248 216 176 169 188 212 218 

197 205 195 " 180 186 206 193 235 

gave bonuses as Rs. 10, 15, 20, 25, 30, 35, 40, 45 and 30 to employees 

je salary groups : exceeding 160 but not exceeding 170, exceeding 
ceding 180 and хо on up to exceeding 240 but not exceeding 250. 
bonus paid per employee. 


(Aus; Average bonus = Rs, 27.5) 
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PROBLEM 1.98. Fifty items sold in Dept. ‘A’ of the corner store hada 
mean price of 30 cents. 75 items sold in Dept. ‘H’ had a mean price of 20 cents, 

Find the mean price of commodities sold in departments ‘A’ and ‘H’. 
(Ans : Combined теап —24 cents). | 


PROBLEM 1.99, The mean annual salary paid to all employees of a company 
was Rs. 5000|— The mean annual salaries paid to male and female employee 
were Rs. 5. — and Rs. 4200] — respectively. Determine the percentage o f males 
and females employed by the company. (Males=80 per cent; Females=20 percent) 

PROBLEM 1.100. Three persons A, B, and C can prepare a model in 20, 4 
and 25 minutes respectively. What is their average speed ? 


(Ans. one model in 23 minutes) 


PROBLEM 1.01. You take a trip which entails travelling 900 Kilometer’ 
by train at an average speed of 60 Km. p. h. 300 Kilometers by boat at ап averagt 
of 25 Km. p. h. 400 Kilometers by plane at 350 Km. p. h. and finally 15 Kilometer 
by taxi at 25 Km. p. h. What is your average speed for the entire distance (1615 
Kilometers) ? 


Hence average speed for the entire distance—31.6 Kilometers per hour. 
PROBLEM 1.102. А person gets three successive annual rises in salary of 


9%, 12%, and 159, respectively, the percentage being reckoned in each case on his 
salary at the end of the previous year. What average percentage increase does this 


represent ? 
Р (Ans : 12.3%) 


PROBLEM 1.103. There are three sections in B. Com. Ist year in a certain 
college. The number of students in each section and the average marks obtained by 
them in the paper statistics in the annual examination are as follows :— 


Section Average marks in Statistics No. of Students 
A 75 : 50 
B 60 60 
c 55 50 
Find ihe average marks obtained by the students of the sections taken together. 


(Ans. —63.125) | 
PROBLEM 1.104. From the following data calculate the crude accident rates 


of the two factories A and B and also the i ing A asthe 
„„ id corrected accident data taking 


. — [.— Fae A) 
Years No Vo о) apa 
100 40 1000 
m s 500 
25 and over "m = 
Total 00 P 8 


2500 235 2000 
(С. А. R. Factory A) =94) 
(C. A. R. v B 21 
(С. А. К. » B) =81.6) 


PROBLEM 1.105. Six; S 
shops but at different rates of. 9 Pg employed in each of two wor 


Worl 
Rate 

per 
Rs. 
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of the two workshops is the average rate of wages per worker higher 

much ? (Ans; Factory A, 25 paise) 

IBLEM 1.106. Compute crude and standardized death rates in the follow- 
out which of the populations is healthier. 


Standard Populatiay 
| Population ^ Deaths | 
6i 


(Ans. G. D. R. of Standard Population = 12:04 
С. D. R. of Local Population  =12'31 
S. D. R. of Local Population = 13:56) 


BLEM 1.107. Criticize the following arguments: 


ie average depth of a river is 120 centimeters and. the average height of 
'з of a family is 135 centimeters therefore, the family can surely cross 


) The examination result of school A was 72% in a particular year. In 

year and at the same examination only 400 out of a total of 600 students. 

i яя En school B. Therefore the teaching standard of the former school 
ly better. 


ii) Death rate in the Navy is 6 per thousand and at Bombay the death rate 
- Therefore, it is better to be in the Navy than be employed in 


An employer lowered the wages of an employee by 20% and later on 
h- Hence there is no cause of complaint by the employee. 


Measures of. Dispersion 


. The term ‘dispersion’ indicates an absolute or relative measure of the devia- 
tions of the items in a series from their average. It can be calculated in various 
ways. First we have dealt with problems in which Range has been calculated. 
Range is the difference between the biggest and smallest items of a series. We 
have then done some questions on Mean Deviation + Mean Deviation is the sum 
of deviations from an average. Mean Deviation is generally calculat d from the 
Median. After this some problems of Quartile Deviatiom have been solve}. Finally 
we have dealt with problems connected with the calculation of Standard Deviatio 
which is the square root of the sum of the squares of the individual deviations from 
the Mean divided by the number of items. 


RANGE 
PROBLEM 2.1. The following table gives the marks of students in two 


Subjects : 
English 
out of 100 


Optionals 
out of 400 


Find out the dispersion of the two series by Range method. Do you consider 
the results comparable ? If not, compute а relative measure of dispersion. 


SOLUTION. Range of dispersion represent the difference between the 
Меру of the extremes, i.e., the biggest and the smallest items of the data under 


As such, 


Range of dispersion of marks in English —90—20—70 
and Range of dispersion of marks in Optionals—322—145—177 


Range is an absolute measure of dispersi it i ssible 
4 persion, and therefore, it is not possi? 
to compare through it the relative dispersion of two series. If the absolute dis 
Done are reduced to relative ones, comparison is possible. Thisis done 
ividing the range by the sum of the extreme items. The quotient called the co^ 
efficient or ratio of dispersion. 


Co-efficient of dispersion of markt in English py 0656 


and F 


3224-145 — 467 
Thus, the series of marks of English is more variable than the other series. 


» » » Optionals— 
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PROBLEM 2.2 The following table gives the weights of one hundred per- 
. Compute the co-efficient of dispersion by the Method of Limits. 


Weight їп kgs. of 100 persons 


Class-interval No. of persons 
40-45 4 
45-50 13 
50-55 8 
55-60 14 
60-65 9 
65-70 16 
70-75 17 
75-80 9 
80-85 8 
F 85-90 4 
100 
SOLUTION. Computation of dispersion by the Method of Limits. 
Weight in kgs. No. of persons 


Class Interval 


85-90 
Range of dispersion —90— 40 kgs.— 50 kgs. 
Co«fficient of dispersione . = 220,384 
of dispersion 903-40 130 0.3 


PROBLEM 2.3 The followin i hundred persons. 
Ет. ving table gives the height of one hundred ре! 
alculate the dispersion by Range Method. 


Height of 100 persons in centimetres 


162 


^ 163 
" 164 19 
^" 165 32 
» 166 45 
" 167 58 
” 168 85 
» 169 93 
гт t 170 100 
SOLUTION. Computation of the dispersion of heights of 100 persons 
Height Frequency 


upto 162 


162-163 

163-164 11 

164-165 13 

165-166 13 

at : 
-168 27 

168-169 8 


169-170 
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Range of dispersion=170—160=10 centimetres 


х ates 170—160 10 
Coefficient of dispersion= 75760, 330 =.03 | 


QUARTILE DEVIATION 


PROBLEM 2.4 Calculate quartile deviation and its co-efficient of АЎ 
monthly earning for a year. 


Monthly earnings 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


für „ Computation of quartile deviation of A's monthly earning 


NK O لہ 00 ۵ا‎ O ا‎ AUN سا‎ 


ساس 


Q;-—the earnings of the mu ie., 3.25th month—Rs. 251. 


Q,=the earnings of the 20250) in., 9.75th month, 


=Rs. 262, 


Quartile Deviation or O. D. - pş, 262—251 | 


Rs. 5.5 
Quartile Co-efficient of Dispersion 9:01 _. 262—251 
поп: 0, О, = 5 Т 
11 


= з—==.0213 
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EM 2.5. From the following table giving height of students calculate 
quartile Range and the co-efficient of Quartile Deviation. 


Height in centimetres No. of Students 

153 25 
155 21 
157 28 
159 20 
161 18 
163 

165 22 
167 18 


169 23 


ON. Computation of the Semi-Interquartile Rang 
No. of students Cumulative Frequency 


i-interquartile Range or : 
2-9. E e 157... 4 centimetres 


¢ Co-efficient of Dispersion = 9.785 ASI T 


BLEM 2.6 Calculate the — Semi-Interquartile Range and its co- 
ent of the marks of 59 students in Economics as given below:— 

Marks group No. of Students 
: 2 


0—10 


Quartile Deviation = 


ION. Computation of ће Semi-Int 
No. of students 
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First Quartile or 


Q,=the marks of the 2 
marks group. 
By interpo lation. 


=20+ 020 14.75—12=22,5 marks 


Third Quartile or 


i, e., 14.75th student which lies in the - 


Qs =the marks of the 309). 
40—50 marks group. 
By interpolation, 


=40+ 


le., 44.25th student which lies in the 


12 (44.2538) 54.2 marks approx. 


Semi- Interquartile Range == Qu—0, _ 45.2—22,5 


та 35 marks 


Р ; —Qs—O; _ 45.2—22.5 
Co- efficient of the S. IJ. Range — 0.10, 7452-225 


; PROBLEM 27 From the following table compute the quartile devia- 
tion : 


Size 4-8 8-12 
Frequency 6 10 


7.338. 


12-16 16-20 20-24 24-28 28-32 32.36 36-40 | 
18 30 15 12 10 6 2 


SOLUTION. Computation of the quartile deviation. 


Frequency Cumulative 
Frequency 


First quartile or 


Qı =the size of the A ; e., 27.25th item which lies in the 12—16 
group 


By interpolation , 


=124 1 0725—19—145 


Third Quartile 
Q;—the size Of the 2 4 he., 81.75th, item which lies in the 24—28 
group. 
By interpolation, 


. 24 (81.75—79)—24.92 


Quartile Deviation— S - 2492—14.50 _ ps. 521: 
Tes EE ра нии 
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AVERAGE DEVIATION _ 
2.8 The following are the marks obtained „ a batch of 9 
certain test: 


Serial Number 
(out M [7 


S OV کہ ہا‎ шу уч 


the Mean Deviation of the series. 


TION. Calculation of Mean Deviation of the series of marks of 9 

ged in ascending order of magnitude). 

Deviations from median (49) 
(+ rd: i 


ber of items, 


- A marks. 12.8 marks. 
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Sum of items — median 

= (214-32 +38 +41)= 132 (mx) 
Sum of items > median 

= (54 + 59 4-66 + 68) = 247) (my) 


Mean Deviation = Î (my-mx)= . (247-132) 


= $3 X1152 12.8 Marks. approx. 


PROBLEM 2.9 The TUB are the daily rents of 18 houses in a cert 
locality :—- 


Rs. P. Rs P. 
6 50 6 25 
5 00 3 00 
5 25 9 00 
5 50 5 00 
5 25 4 00 
4 75 3 00 
4 00 3 75 
5 00 4 00 
4 50 3 00 


Calculate the Mean Deviation of this group. 


SOLUTION. Calculation of mean Deviation of the series of daily rents 0 
18 houses (arranged in ascending order of magnitude). 


Deviations n median 


(Rs. 4. 
& - signs 1 
(+ (dmn) 


Monthly Rent Rs. 
(m) 


юса улл үлүл їл # popu ш ыз шз 
SSRsSshRsssnssssasss 


Median= Value of 2 L. items. 
= Value of 9.5th item.» Rs, 4.875 
Mean Deviation from the Median, or, 5m» 


Where Хат sane the summation of the deviations from the median 
and z, the number 


Зат 
п 
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2825 2 Rs. 1.014 
mean deviation of the rents of 18 houses of the said locality is 


of items <median or mx = 34.50 
items > median or ту = 52.75 


Deviation = — (my—mx)= 15 (275-3450) 


* 1 * 18.25 = 1.014 rupees. 
240 Calculate the mean deviation (from the arithmetic average) 
f for the following prices of a Government Security. 
00 $ $ 3, 8, i b io 1% te à 
. Calculation of mean deviation from the arithmetic average. 
Deviation from arithmetic average 
(100.425) (+ & — 5 75 ignored) 


1 Deviation from the Arith. Av., or 8-24 


1.150 
-K. ЧОЎ = Re. 175 


ficient of Dispersion from the Arith. ау. = —7- 
ee -en атк. 
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Arithmetic average or a— — اس‎ 100.425 
Number of items smaller than arithmetic 
average or nx=5 and their total 

or ay—501.250 
Number of items bigger than arithmetic 
average or ny= and their total 


or ay = 503.000 
1 
Mean Deviation -——[(av - nyX a) + (nx x a^ ax)] 
n 
1 
= min. 5X 100.425)-+(5 X 100.425 - 501.25) 


1 
= —(.375-+.875)=1729.— 175 гирее. 
10 10 


PROBLEM 2.11 Find Mean Deviation of the distribution given below :— 


No. of accidents Persons having said number of accidents 
0 15 
? 5 
3 10 
а 17 
5 8 
6 4 
7 2 
8 1 
9 2 

10 

i 2 

12 2 
Total 100 


SOLUTION. Calculation of the Mean Deviation. 


No. of Persons having Deviation from Total 
accidents said number Median (2) Deviations 
of accidents (+ &- signs ignored) 
(т) (4т) (fdm) 


Sword sano 
OOD wR Om 
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1004-1 - 


in no. of accidents,—the no, of accidents, 


the 50:5th person had. 
l2 


es уйт 196 J 
ation— 5 100 ^ 1.96 accidents. 


2.12 Compute mean deviation from arithmetic mean from the 


158 159 160 161 162 163 164 165 166 
I 20 32 35 733 223720: 0077758 


Deviations 

from the 
as. av. 

162 


66 8 
n 


arithmetic average = 162— Te = 161.51 approx. 


Zid” 338.59 
= 155 21.74. 


eviation (8а) = н 


213 Calculate mean deviation from median from the following 


No. of students 


Marks less than 80 100 
„ 90 

po» * 60 80 
nw 30 60 
E 32 
N 20 
COMM | 13 


„ „ =} 
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SOLUTION. 


Tota 
frequency | median 46.43 deviations 
72 (+ and- signs (fdm) 
ignored) 


Median =size of -yth item i.e., = 50th item which lies i: 40-50 


group. 
By interpolation, 


M=40+ 50- о 


(50 — 32) = 46.43 


Z fim _ 1428.60 
as ar a Ti к 14,286. 


PROBLEM 2.14 Calculate the mean deviation (from mean) of the following 
Seri ies * 


Mean е from median = 


Marks No. of Students 
0-10 5 
10-20 8 
20-30 15 
30-40 16 
40-50 6 | 


SOLUTION .Calculation of mean deviation 


Step De- 


Marks viation No. of 
from students 
as. av, 
Q5 


Arithmetic average or a—25-j- (5 ax =27 
50 


Mean deviation = of = S marks=9. 44 marks. 
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(d^) 


(with--&— 
signs) 


(fd') 


(+& - signs 
ignored) 


Number of 
des 


Zfd'—4-10 


* average 25 WE x m 
50 


tal deviations from assumed average of 25—46 x 10—460 


ge (27)—28 


er of items less than the actual arithmetic avera 
)es22 


mb nber of items more than the actual arithmetic average (27 
lifference between actual and assumed average=2. 
| deviations from actual average ог (Efd) where actual and assumed 
are in the same class-interval. 


—460--8x2)- Q2x 22 
—460-+56— 44—472 


Хуа 


1 Mean Deviation 
n 
== marks. 


EM 2.15 Calculate the 
s it throw on the social coi 


mean deviation. from the following data. 


nditions of the community ? 


ce in age between husband and wife in a particular community. 
Difference Frequency 
0— 5 ре : 
5—10 اا‎ 
10—15 755 
15—20 109 
20—25 
25—30 5 
30—35 16 
4 


35—40 
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SOLUTION. Calculation of Mean Deviation 


Deviation 
from the 
as.ay. |deviations 
(12,5) from the 
average 
assumed 
ignored 


(d) 


Sfd=1140 


d. 
Arithmetic average— x n = 


Lu 21235 ) =10.47 


2fd 11340 


Mean Deviation= — 212 = 5-3 approx. 


Alternate Method 
Total Deviation from assumed average (+signs ignored) 
=(2342 x 5)=11710 
Number of items smaller than actual arithmetic average (10.5) 
=1154 | 
Number of items bigger than actual arithmetic average (10.5) 
—969 
Difference between actual and assumed average 
=—2 
Total deviations from actual arithmetic average (where actual and assumed 
average are in the same class-interval) 
—11710-H[(1154 x ~ 2) - (969 x ~ 2)] 
711710 - 23084-1938—11340 


Mean Deviation E approx. 


PROBLEM 2.16 The following table gives the age distributions of students admit: 
ted fo ae a Pen the years 1964 and 1968. 2 968. Find which of the two groups is more 
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Number of students admitted in 


d) fd) 

5.2 0 

4.2 42 

22 9.6 

. 22 17.6 

A 1. 14.4 
20.5 d 2.8 
21.5 8 11.2 
22.5 1.8 9.0 
23.5 2.8 5.6 
24.5 3.8 11.4 
25.5 4.8 4.8 
26.5 5.8 0 
27.5 6.8 6.8 


netic average ог a—x-- Dis 19.54 a = 20.7 years. 


п Deviation or = 20 fu years approx. 


cient of Dien 2.0734 
а 


пе Method 
tal deviation from assumed average + signs ignored—111. 


actual and assumed averages are in different. class intervals a 
ment is necessary, In such cases the frequency of the class in which 
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the actual mean lies is treated separately. It is multiplied by the difference of) h 
deviations of the mid-value from the actual and assumed average. The p 
so obtained is subtracted from the total deviations from the assumed mean. 


Thus :— 
Number of items smaller than the actual arithmetic average (20.7)—24 (f 
quency of mean class being ignored). 
Number of items bigger than actual arithmetic average (20.7)—26 
Frequency of the mean class—14. 
Difference between actual and assumed averages=1.2 


Difference of deviations of mid-value of mean class from the actual 
assumed averages—(20.5 – 20.7) - (20.5 = 19.5) 


= —.2-1=.8(-+ signs ignored) 
Total deviations from actual mean 
—1112-(24X 1.2) = (26 x 1.2)- (14 x .8) 
=111 +28.8- 31.2- 11.2=97.4 


Mean deviation «e. 221.32 


Mean Co-efficient of Dispersion - =.0734 


Computation of the Mean Deviation of the 1968 group 
Deviation 


Deviation from the 
from the average 
(19.5) 
+ &— signs 
ignored 


(d) 


lalis 4z8682z52- 


лл مآ ا ي ها ها ها‎ їл PAP 
со ب‎ O ہا‎ < ш س © س دا‎ wows 


uBoRUSPSSISI 


Arithmetic average or а= 19.5+-тд = 19.49 
years аі 
Mean Deviation or 3 zu airals € 
Mean Coefficient of Dispersion дЕ. e: an | 
а 


; [ 
On comparison of the mean bvious that ' 
1968 2 - 9 — it is o 
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PROBLEM 2 17 (a) Calculate median coefficient of dispersion (b) mean 
coefficient of dispersion and (c) mode coefficient of dispersion from the following 
data and show that mean deviation about the median is the least, 

Size of Items 4 6 8 10 12 14 16 
Frequency 2 4 5 3 2 1 4 


Frequency Cumulative Deviations | Total deviations 

frequency from 8 

pU) (df) (dx) 

2 2 -4 

4 6 =2 

| 5 11 0 

3 14 +2 

1 : 16 +4 
1 4 

f 


— ux 
n=21 Жа 68 ; 


Arithmetic mean=8-+- —=9.71 


Median Item =f; at ) n 219 lin item 

Size of 11th item is 8. Median is 8. 1 р 
Mode: If we group the frequencies we shall find that frequencies Swill 
Mine the mode. This is clear from the following test also. 


Size : 16 


| o] ana 


ISl el ene 


lal: 


Thus the mode also is 8. 
Mean deviation about the mean : 
Total deviation from assumed mean=68 
x. Of items smaller than actual mean=11 
ted items bigger than actual mean=10 
erence between actual and assumed average=1.71 
Total deviations from actual mean =68 4-(11 = 10) 1.71=69.71 


Mean Deviation — “п —3.3195 
ке deviation about the Median and Mode (as іп this problem both are 


68 


ё: or ре. 3.238 арргох. 


From the above it is clear that Mean deviation about the Median із the 
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STANDARD DEVIATION 


PROBLEM 2.18 Find out the Standard Deviation of the following i 
8, 10, 12, 14, 16, 18, 20, 22, 24, 26 


SOLUTION. Calculation of Standard Deviation. 


I Aniue Average or а= I 170 


Sq 17 
Standard Deviation or o E = ion 
Alternate Method 
Size of items { 
(n) (т?) 
8 64 
10 100 
12 144 
14 196 
16 256 
18 324 
20 400 
22 484 
24 576 
26 -676 
Хт=170 | 20m3—3220 
Standard Deviation or o 
Хт? — Ema 
— n 
3220- (170)?/10 
= 
3220—28900/10 
P aa 
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330 
„М 10 


= 5745 
PROBLEM 2.19. Find out the Standard Deviation of the height of 10 men 
— f ight of 


160, 160, 161, 162, 163, 163, 163, 164, 164, 170 
SOLUTION. Calculation of Standard Deviation of the height. 


Height in cms. Deviation from Deviation square 
mean (163) 
d) (4) 


—— SOOM ا‎ 


Arithmetic average or a= Zr- 2169163 
af 
Standard Deviation or o—N ” 
74 
EO 
=y TF 
= 2172 
Alternate Method 
Size of item 
(m) (т?) 
160 25,600 
160 25, 
ee 2844 
162 
163 26,569 
163 26,569 
163 26,569 
164 26,8 
164 26, 
170 > 
—— 
®т= 1630 Zm*—2,65,164 


(Хт) 
Standard Deviation ог o= ы 
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,65,764—(1630)?/10 
dui NR 
2,65,764— 26,56,900/10 
М; 1 
SUN 
LA 10 


2272 
PROBLEM 2.20. Nine students of B. Com. class of a college have obt 
the following marks in statistics out of 100 marks. Calculate. the standard de 
of marks obtained. 


S. No. Marks 


омоч Ам 
A 
© 


SOLUTION. Calculation of Standard Deviation 


Size of items Deviations Square of 
from assumed deviations 


(m) 


Хах? = 5339 


Za / Tax Е 
Standard Deviation doc mur om ) 
5339 -IF 
PIG 
74/5339-2.89 
VI 
= 23.05 approx. 


PROBLEM 2.21. Calculate the Deviati data with тй“ 
to 2,298 families in нык de Deviation. of the following data 
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Number of persons in the family Number of families 
1 165 
2 552 
3 580 
4 433 
5 268 
6 148 
7 77 
8 41 
9 20 

10 8 

11 5 

12 1 
Total 2,298 


SOLUTION. Calculation of Standard Deviation. 


No. of Deviation 
families | from the 
assumed 
average (4) 
(dx) 


dx 7579 


pope ote 
Standard Deviation of thes ^ 
| size of family 


$19- 2298( - 45) 
à 9 
\ = X514 
PM NEA 


PROBLEM 2.22. Find out the mean daily earnings and standard deviation. of 


earnings from the following data :— 
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Rs. 
36 men get at the rate of 50 per man per day. 
40 men get at the rate of 5.5 per man per day. 
90 men get at the rate of 6.0 per man per day. 
138 men get at the rate of 6.5 per man per day. 
80 men get at the rate of 7.0 per man per day. 
61 men get at the rate of 7.5 per man per day. 
25 men get at the rate of 8.0 per man per day. 


SOLUTION. Calculation of the Mean and Standard Deviation | 


mS 
=6.5+ -mi-) —6.499 rupees. 
Sandara Deviation ого A -( хуа y 


=a 96 (cm 
SG (оо 
= 596 or .77 rupees, 
PROBLEM 2.23. Calculate the standard lowing table 
giving the distribution of 542 members of the 8 — 
Age No. of members. 
20— a 
"um 61 
50— 132 
@— 153 
70— 140 
80— 51 
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SOLUTION. Calculation of the Standard Deviation of the age distribu- 
tion of 542 members of the House of Commons 


Frequency x 
Square of 
Deviations 


Mid- Fre- 
value | quency 


Јах? 


ууах?—16500 


(ас: 
Standard Deviation— — 


76500 —542(.216 
== 542 


Мал 
=11.9 
The following method will also give us the same result. 


E (Ey 
Standard Deviation of the age distribution— n n 
. [76500 DN 
FB) 


=y 141.07 


==11.9 years. 


PROBLEM 2.24, Explain the method of computing the Standard deviation 
different from the arithmetic 


of a frequency distribution froma working origin 
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Calculate the Standard Deviation for the data given below using the interval 
50—39, as working origin :— 


80 — 89 
90— 99 


20—29 100— 109 6 
30—39 110—119 10 
40—49 120—129 3 
50—59 130—139 
60—69 140—149 


150—159 
Total 


Frequency X 


Square of 


Deviation 
( fdx*) 
5000 
E 


e 


82523258 


E43 


Zfdx = 120 


1 
(a—x)= 20 =4.8 


Standard Deviation ог g= | Dr (ах) 
п 

7 9 (4.8)? 

P| BE MT ee 


— 768.125 
2.71 
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M. 2.25. The following table gives the frequency distribution of 
food per family per month among working class families in two 
d the arithmetic average and the Standard Deviation of the expenditure 


No. of families 
Place A Place B 


e of expenditure 
r month 
203—206 


206—209 284 
209—212 401 
212—215 202 
215—218 48 
218 —221 21 

5 


221 —224 
ION. Calculation of the Mean and the Standard Deviation of the 


A 


z 
8 


No. of | Eg 2| 128 

families S £2 | 22 8 `5 5 | Frequency х | Frequency х 
єз а КЕ deviation square of 
EEF EEE 3$ deviation 
2 8 SHE 55 
á*i|**8 


92 Practical Problems in Statistics 
Place A 


Mean expenditure -N >к Xi=213.5+ د‎ X3=210.63 rupees. 


dx? Јах \? 
Standard Deviation of the expenditure= TI xi 


1958 —956 42 
e- (109) x3 
=y 1.044x3 


=1.02 x 3—3.06 rupees 
Place B 


Laux 056 
2135 40008210. 


Mean expenditure x + 


PIC ( dx 
n n 


ys 


2065  [-981 33 
1000 — | 1000 ] x3 


Standard Deviation of the expenditure—' 


—4/1.103x 3 
—1.049 x 3—3.15 rupees. 


PROBLEM. 2,26, Find the mean yield of paddy andthe Standard Devia- 


ions for the distribution of the results of 3061 crop cutting experiments shown in the - 
ollowing table ;— 


Yield of paddy per acre in 
Kgs. No. of experiments 
0— 400 
401— 800 ur 
801—1200 604 
1201—1600 576 
1601—2000 419 
2001—2400 333 
2401—2800 217 
2801—3200 87 
3201—3600 64 
3601—4000 23 
4001—4400 14 
4401—4800 6 
4801—5200 1 
Total 


93 
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css 


8 + oozs— log 
4 * 008 — 10 
78 * 00tt*— 100} 
Su * 000 — 109 
vcol 9¹ 9st * 009£—10ct 
£8L 6 * o0cc— 1087 
898 v $ 0087— lorc 
ЕЕЕ I + OO 1002 
0 0 0007— 1091 
915 І 0091— 101 
91? Li 0021— 108 
6ctt 6 008 —lor 
ILLE 91 oo —0 


(2 (їр) ш) 
КэмәпһЬәз. попюләс Aouanba11 E 
uoneiAsd x uoner4Ae(] sjuouiniadxo зәп[ед M ші 9198 12d 
jo 21enbs ay} шолу ug yo N Apped jo рид 


Sjueuniodxo 8unjno-doj5 
190Е JO nso v se uoniAop parpuris am pue Apped jo pla итәш әцу Jo иоп®упое у 


мош пто 


— — "wu 
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Mean yield of paddy x- ze xi 


—1800:54- 768 x400 


—1455-8 Kgs. per acre 
Standard Deviation of the yield of paddy for 3061 crop 


2F (ZEY 


| 
] 
| 
= V. 434 (400—208 «400—832 Approx. | 
| 
| 


cutting experiment 


PROBLEM 2.27, Find out of the mean and Standard Deviation of the series М 
the method of summation. 


Marks No. of Students 
0—10 10 
10—20 15 
20—30 25 
30—40 25 
40—50 10 
50—60 10 
60—70 5 
100 


SOLUTION. Calculation of mean and standard deviation bv the method ol 
summation. 


2nd Cumulation 


10—20 35 | 
20—30 | 
30—40 
40—50 
50—60 


Let M be the middle point of the last class intervals. In this case it is 65. 
Let i be the magnitude of elass- intervals. In this case it is 10. 
Let um of Ist Cumulation n 
7 = d —h-44 

and um of 2nd Cumulation _ Is 

UN 00 I 13.18 
Mean =M—i(F,—1) 

=65—10 (4:4—1)—65—10 (3:4)—31 
Standard Leviation =A Di 104/56:3—4.4—19:36 
—104/7:547 


710» 1:596—15:96 marks. 
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LEM 2.28. Find out the mean and Standard Deviation of the following 


Number of persons 
dying 


10 15 
30 
|. 40 
50 
E160 
70 
80 
Step Devia- 


tions from 
as. av. (35) 
d’) 


ar (74x: ) 


A. 2 
=35 + CG x10 ) 
=35 ＋ 16 —3516 years 


Pe -(4y 
eviation or o = Zi (+) xi 


- Hi- Ga e 


=197 x 10. 
=19.7 years. 
2.29. Find out the coefficient of variation of the following series— 
Number of persons 

1 0 
900 E 
800 110 
700 200 
600 400 
500 600 
400 700 
300 850 
200 900 
100 1000 
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SOLUTION. Calculation of the Co- efficient of Variation. 


Step Deviation 
from as. av. 
(550) (4°) 
(i100) 


Vey 
Mean or =+ 


=531 rupees 
75 75 
Standard Deviation or o -= хт? (уат ү d —) х 


4650 —190 "4 
1 1000 

= 4.6139 x 100 

72.147 x 100—214.7 rupees 


o 
Co-efficient of variation — -p X10 = ы? х 100—40.45 


PROBLEM 2,30. Calculate the standard deviation of the following two seri 
Which shows greater deviation ? 


Series A Series B 
192 83 
288 87 
236 93 
229 109 
184 124 
260 126 
348 126 
291 101 
330 102 
243 
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DN Calculation of the Standard Deviations of series A and B. 
Series A 


Deviation Square of 
from arith. Deviation 
| av. (260.1) 


(d) 


Size of the Deviation | Square 
from arith.| Deviation 


4637.61 


etic average or a = in m =260.1 


d — or g= Р: 2 . -JEF 26490. si, 6 


ent of Standard Deviation= 0. = = 
Em _ 1059 _ 195.9 
БЕШ pm » 
—= I 14.95 
2 sun 
5 14 


arison of standard co-efficients of deviation, it is obvious that series 
iation. 


42.31 The index numbers of prices of cotton and coal shares in 1972 


Index number ei Ven 
of prices of of prices a 
cotton shares coal shares 
8 131 
178 130 
173 130 
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M 172 129 
Ji 183 m 
July 184 m | 
ee 5 И 
foster 217 137 
November 232 14 
December 240 m 


Which of the two shares do you consider more variable in price ? 
SOLUTION. Calculation of Standard Deviation. 


Index 
number 
of prices 


Cotton Shares 


Arithmetic average or a 27L EM == == 194 approx. 


Standard Deviation or o = [= = [en 8 


i 1 жоры; no. 
Co-efficient of Variation = = 100 کو‎ x 100—12.2 
Coal Shares 


Arithmetic average ога aim _ 1572 = 131 
n 


„ПЭ 


an EG E 
Standard Deviation or o= Un II 74335 —579 


Co-efficient of Variation I x 100 -5:79 x 100 


2442 
131 : 
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А comparison of the co-efficients of variation of cotton and coal shares reveals 
hat cotton shares are more variable in prices than the coal shares. 
_ PROBLEM 2.32 Following are the marks obtained by two students А and B in 
10 sets of examinations : 


1 2 Ga og a ШЕ 9 
obtained by А 44 80 76 48 352 72 68 56 60 54 
з obtained by B 48 75 54 60 63 69 72 51 57 66 


If the consistency of performance is the criterion Jor awarding a prize, who 
d get the prize ? 


SOLUTION. Calculation of co-efficients of variation 


Deviations Square of 
fi deviations 
(dx?) 


4 Arithmetic Average a E. 61 marks. 


А 
— Standard Deviation or с = ES N w) 
| 138—1 = | 137 =11:7 approx. 


C effeient of Variation = 2 E —19:18 
E of Variation =z 100 zr X100 


Ш 


li 


Ж 
| | x 
? Arithmetic Average ora = 60 + -261:5 marks. 


E 2 
Standard Deviation or o= "5 = a) 
E. = [765—225 — | 7425 —8.62 


8 of Variation == 812 X 100 14˙02 
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B 


is more consistent in securing the marks, 
to B. 


hence the prize should be gi 


PROBLEM 2.33 The following table gives the area under cultivation, pr ‹ 
tion, net export, and price of wheat in the U. S. A. :— 


Area under Production Net export Price pal 3 
cultivation (millions of (millions of Bushel in 

Year (millions of Bushel) Bushel) cents 
Acres) È 


Compare the co-offic 
wheat for the whole Period. 


SOLUTION. Calculation of the 
vation and Net Exports. 


Tent of variation of area under cultivation and net export 0j 


Standard Deviation of Area under c 


Area in 
millions 


Square of 


Exports in 
Deviation i 


million of 
Bushel 


average 
(50.6) 


(in) (d?) (mn) 


Zm 505.8 = 
Average or а ST =- 50-6 million 


Ed: 752.30 
Standard Deviation or с J- | — 


acres approx. 


IO —4/75.23— 8.674 


million acres 
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> vto a __ 8.674 
Co-efficient of Variation = 100 = LUCES 100 
=17.14 
Exports 


Хт. 1389 __ T 
= 139 million of bushels 


fa 
Standard Deviation or с = EU = р = 7655.3 


=87.49 million of bushels. 
87.49 100 
Co- efficient of Variation = — 100 = —35- × 
62. * 
PROBLEM 2.34 In any two series, where d and d; represent the deviation 


Average or а = 


from a trial average, 100. 


m=150 Ed,=180 di 245320 
ny=200 Ed,=250 Ed, =43850 
a=100 
Calculate the co-efficient of variation for the two series. 
SOLUTION. 
Series / 


m —100x -ю—=!0!2 


XE‏ — س 
Standard Deviation or o = =‏ 


245320—150(1:2)* 
e 


4/1634:03 
z40:4 


Arithmetic average ог a=x-+ 


Co-efficient of Variation = e x 100= d xd 
а j 


239-9; 
Series 2 в 
Arithmetic average or a—x4- Za =10 +39- 
= 10125 


Sd N 


Standard Deviation or с= К 


ете? уте 
NEG cux 


| —1475 
Co-effici lation az os = 1475 x100 
ient of Variation = —7— 100 —10T 28 


=146 
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PROBLEM 2)35 In any two samples, where the variates x, and x are he 
ed in the same units, 
ny—36 (summation) Z x,?—49428 
пә—=49 (summation) 2 x.2=71258 
Compute the values of the Standard Deviation of the two samples. ИА 
tional information is required to calculate the co-efficient of variation of the ab 
samples ? Indicate the uses of such a co-efficient. 


SOLUTION. 
E. mm 
Standard Deviation of the first sample = I = 36 
= 1373 
=37-06 
Xx 8 
Standard Deviation of the 2nd sample — | ——— a 
2 
=y 145425 
—38:13 


The values of ау and а, (where a represents the arithmetic average) will also B 
required if the calculation of the co-efficient of variation of the above two sample 
also desired. 

PROBLEM 2.36. Compile a table, showing the frequencies with which wo 
different numbers of letters occur in the extract reproduced below (omitting pui 
tion marks) treating as the-variable the number of letters in each word, and obta 
mean, median, and the co-efficient of variation of the distribution: 

“Success in the examination confers no absolute right to appointment, 
Government is satisfied, after such enquiry as may be considered necessar jy, that 
candidate is suitable їп all respects for appointment to the public service." 


SOLUTION. Calculation of the mean, median and the co-efficient of varii 
tion. 


— ооо мло ها‎ ьш 


+5 
A ЭМН 
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„| Xfdx —18 
| Meany 57 6 + 6 =5 


Median =the size of the A that js, 18.5th item 
= 


— ME 
2 — J 
Standard Deviation |= m Дата 


é: Ja 36 (.5)2 


36 
| 360 —36 (.25) 
V 


9.75 
2 


— 3.1 
Я RODA Standard Deviation 
Co-efficient of Variation —100 x Arithmetic Average 


=56.7 
PROBLEM 2.37. What are measures of dispersion of a distribution 2 Why is 
the standard deviation most commonly used as a measure of dispersion in statistics... 


Goals scored by two teams A and B in a football season were as follows ї 
Number of Matches 


Number of goals scored in a 
match 


4 3 


By calculating the co-efficient of variation in each case find which team may be 


considered more consistent. | 
SOLUTION. Calculation of co-efficient of variation. 


Frequency 
x 
Deviation 
viation 
(fax*) 
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Team A 
Average goals scored or a=x+ 2 106 


fd. 2 
Standard Deviation ог = | T -( Zur) 
ЕЖЕ 
е) 


Е 
=y Тт 
zl 
Co-efficient of variation x 100 


Cw ул - Aen 


— 


8 


Team B 


Average goals scored or a = x+ fx 232 =1.2 


pe Уух 1 
Standard Deviation ог g= n ( n ) 


N 
E 40. 


Co-efficient of variation = T x 100 


=-13х 100—108.3 


It is now clear that team B is more consistent than team A. 


PROBLEM 2.38. The following table gives the marks obtained by Mn 
students ;— › 


Digits (Division of Class— interval) 


Thus, 4 marks are obtained by 3 students, 13 marks by 4 students, 35 markt! 
2 students and so on. 


Calculate the mean marks and standard deviation of marks ; 
(i) By using the totals only. 
(ii) By using the whole data. 
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(a) Using the totals only : 
Mean or a —x- (Z xi) | 
—254- (Gat 10) =25.5 marks 
Iu TEY 
TCI (22) xi 
n n 


Standard Deviation ого = | 
“0 Е-Е | 
= ha - Ca) z 10 = 11.3 marks. 
(b) Using the whole data : | 
mf 


2 
Mean here m stands for the value of an item and / for frequency. 


Figures in the upper left corner of each square in the table indicate */". 


awe 24.23 marks 
FS pet inf in | 
Standard Deviation I £n is | 
: | 


Figures in the lower right corner of each square in the table indicate ‘m? f^ 
=e | 
Ра Ө 


| 72567—58109.29 
= l 100 | 
=y 138.5771 
= 11,77 marks. 

PROBLEM 2.39, A collar manufacturer is considering the production ofa 
new style of collar to attract young men. Thé following statistics of neck circum- 
ferences are available based upon measurements ofa typical group of college 
students ;— 


Mid-value (centimetres) No. оў Students 
32 4 | 
33 19 | 
34 30 | 
35 63 | 
36 66 | 
37 29 
38 18 
39 1 ! 
40 1 


Compute the Standard Deviation and use the criterion (X3 Standard Devi 
tion) to determine the largest and smallest size of collars he should make in order d 
meet the needs of practically all his customers, bearing in mind that collars are wort 
on average, | centimetre larger than neck size. 
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_ SOLUTION. Computation of the Mean and the Standard Deviation of the 
-circumferences of 231 students. 


Square of 


from the deviation x 
assumed deviation Frequency 
average (35) 
(dx) (dx?) (fdx3) 
4 
19 
30 
63 
66 
29 
18 
1 
1 
231 
7 
| Mean of the neck circumference ZA —354- t 
| 35.46 centimetres 


Standard Deviation of the neck-circumferences 
dx dx ) 
= n i ( n 
i 327  ( 107 
ж: 51) 
TOT 


— 1.439 centimetres 
f Using the criterion X +- 3 Standard Deviation, 
(1) The smallest size of the collars — X—3a-- 1 centimetres 
=- 35.46—3 (1.439) + 1.00 centimetres 
== 32.14 centimetres. 
(2) The largest size of the collars == X + Зо + 1 centimetres 
| — 35.46 + 3 (1.439) + 1.00 centimetres 
— 40.78 centimetres 


кү чүм Bic 


j PROBLEM 2,40, Calculate the arithmetic average and the standard deviation 
I. following figuresand state the percentage of case which lies outside the mean at 
distance а o, a + 20, о. + 3o, where с stands for the standard deviation. 

148, 145, 141, 116, 96, 91, 87, 89, 91, 91, 102, 95, 108, 120, 139. 


: 
t 
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SOLUTION. Calculation of Standard Deviation 


Total п=15 


а 
Mean = х + 24% _ 1004 19. — пов 


Standard Deviation, or o = |= ==) j 
I 
=] 15 a) 


—21.82 nearly. 
(1) Cases lying outside the mean at distance ato, 
that is outside the (89—132) group. 
=. 
| 

Therefore, the percentage of cases = х 100—33.3 | 

(2) Cases lying outside the mean at distance ag. 2020 

Therefore, the percentages of cases =0. 

(3) Cases lying outside the mean at distance а+30—0 

Therefore, the percentages of cases—0. 

PROBLEM 2.41. For a certain group of ‘saree’ weaver of Banaras, the me 
and quartile earnings per week are Rs. 144.3, Rs. 143.0, and Rs. 145.9 respect! 
The earnings for the group range between RsJ40 and Rs 150. Ten per cent of! 
group earn under Rs142 per week, 13 per cent earn Rs147 and over and 6 per f 
Rs148 and over. Put these data into the form of the frequency distribution and ob! 
an estimate of the mean wage and the standard deviation. 


SOLUTION On the supposition that the group consists of 100 persons! 


following type of frequency distribution can be obtained, and its mean and stand 
deviation can be calculated. 
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Inf _ ا‎ 


= 144.5 rupees. 


2 


© PROBLEM 2.42. The following table relates to the profit and losses of 100 
Calculate the average profits and the standard deviation of profits. 


Profits Number Of Firms 
Rs. 


5000 to 


Step. Devia- 
tion from 

as. av. (1500) 
(d^) (i= 1000) 
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Mean or a =x+ Fz xi) 
1500 (5 х 100) 
= 15004-260. 
=1760 rupees. 


" - 2 2 T : 
Standard Deviation or о = ] 3 — (22) хі 
786 26 X? 
^ Jw- (-) хш 
= V7.79x< 1000 


= 2.791 x 1000 
=2791 rupees. 

PROBLEM 2.43 Explain clearly the ideas implied in using arbitrary work 
origin and scale for the calculation of the arithmetic mean and Standard Devía 
of a frequency distribution. 

The values of the arithmetic mean and Standard Deviation of the follo 
frequency distribution of a continuous variable derived from analysis in the ab 
manner are 135.3 £ and 96 £ respectively. 


Deviation —4-3—2—1 0 414-2 +3 Total 


Srequency 342 59 10. 239—137 &- 4. 80 
Determine the actual class-intervals. 


SOLUTION 5 à 


fd?) 
32 
45 


Standard Deviation as given is 96 
+ Хуа ) x 1. 96 
ого = " n 
08 


2 —16\? = 
= [os w) xi=96 


=1.6x1=96 


гт 20 
dequo 


r 
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E h magnitude of the class intervals is thus 60 
Arithmetic Average as given is 135.3 


4 23 a+( 2 xi )=1353 


n 


ee (5 х@)=135.3 


a—12—135.3 
a—147.3 
Is the assumed average is 147.3. 


ethe magnitude of the class intervals is 60 and the assumed average is. 
‘therefore the class interval of the assumed average would be (147.34-30) 
—177.3. Other class intervals would be as follows :— 9 


Frequency Class Interval Frequency 
3 117.3 to 177.3 22 
5 177.3 to 237.3 13 
8 237.3 to 297.3 8 
18 297.3 to 357.3 4 
distributions of 100 and 


PROBLEM 2.44. Mean and standard deviation of two 
items are 50, 5 апа 40, 6 respectively. Find the mean and standard deviation of 
250 items taken together. { 


Combined mean (25)—^ m 2 where a, and a, stand for the mean of two 
1 
and n, and лу for the number of items in the two series. Substituting the 


a= 50190-40150 _ 50004-6000 __ 11,000 д 
100 T0 25 29 


3 s * 4 s r d, в 
: Combined standard deviation (013) = دل‎ arts pna iue 


e o, and o, stand for the standard deviations of two series and dy—4, 
411 -an respectively. Substituting the values. 


> 100 (36--25)-_-150 (16-136) 
„= sna 
[= x61--150x52 

= (о 


61004+7800 
Tz 


1771 


wages paid to workers in two 
— Aca results: 
Firm A Firm 


= 1 
„ PROBLEM 2.45. An analysis of the 
* ر‎ lysis of f 
ms A and B, belonging to the same industry, gives the 


Number of wage-earners 648 
frase monthly-wage Rs, 2525 Me 273 
‘ariance of the distribution of wage 
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(a) Which firm, A or B, pays out the larger amount as monthly wages ? 
(b) In which firm, A or B, is there greater variability in individual wages ? 


(c) What are the measures of (i) average monthly wage, and (ii) the varia 
in 2" wages, of all the workers in the two firms, A and B, taken 
gether. 


SOLUTION 
Firm A 


The average monthly wage per worker is Rs. 
and the total no. of workers is 


The total monthly wages paid to workers is Rs. 1,47, 
Firm B 


The average monthly wage per worker is Rs. 
The total no. of workers is 


The total monthly wages paid to workers is Rs. 1,60; 
On comparison, it is clear that the Firm B pays out a larger amount 
monthly wages. 
Firm A 
Variance of the distribution of wages is 100, 
that is, the Standard Deviation = do I 


and the arithmatic average = 252.5 
Cor efficient of Standard Deviation = 2 


of the distribution of wages 
10 
= 3553 
2.0397 
Firm B 
Variance of the distribution of wages 121, 
that is, the Standard Deviation =y 121-11 
the arithmetic average 2241.5 
the Co-efficient of Standard Deviation ® 
a 
of the distribution of wages 
3 
247.5 
=044 


On comparison, it is obvious that there is greater variability in i dividual 
wages іп Firm B. 8 ity in indi 


The average monthly wage of all the k ; 
would be obtained by the following Ко ers in both the factories А and p 
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m and m stand for the number of items in the two series апа тү and m, for the 
mean of the two series respectively and туз for the combined mean of the two series. 


Substituting the values 
the bi ж» _ (586 X252.5)-+(648 X 247.5) 
combined average 586--648 
3,08,345 
1234 
Rs. 249.9. 


The combined standard deviation of the two series would be given by the 
following formula: 


= Rs, 


2 
mo? En (Ne (Ma — m) A 
ndn; 


[/ 

mand ny and ту, т» and ту stand for the same things as explaiaed above 
and о, a and o,» stand for the standard deviations of the Ist, 2nd and combined 
Series respectively. Substituting the values, 


x ТООу-1-586(257,5 — 249.9)3 4E (648 x 121) F 648247.5 249.9)‏ 86( ده 


5864-648 


58600-45586 x 6.76)-1-784084- (648 X 5.76) 
1234 
144701.84- 
1234 


v 117.26 


10.8 


FA PROBLEM 2.46. From the data below, giving the averages and standard devia- 
ns of four sub-groups, calculate the average and the standard deviation of the whole 


U 


U f 


group. 
No. of men Average wage 
Rs. P. P. 
А 50 61 0 0 
В 100 70 0 9 0 
c 120 8 10 0 
D 30 83 0 FH 6 


SOLUTION 


Total wages of 50 men in sub-group A  50X 61.3050 rupees 

Total wages of 100 men in sub-group В = 100 70 = 7000 rupees 

Total wages of 120 men in sub-group C = 120 X 80.5 — 9660 rupees 

Total wages of 30 men in sub-group D = 30X 83=2490 rupees 

Total wages of 300 men in sub-groups, A, B. C and D=(3050+7000-+ 9660 + 
2490) = 22,200 rupees 


Average of the whole 1 =74 rupees 
F.8 300 
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(ii) We know that s*=o*+-d? 

where, s* is the second moment about any arbitrary number and a? is the diffe 
rence between the mean and this number. 

Now mean of the whole group is 74. 


.“. dyes 74 — 612713 : do 274—704 : ds 5 80.5— 74—6.5 and 4483-7429 
Now №? = Nj (0,*--d,*)-N, (o,*--d)*)-- Na (633--d3*)--N , (042 +445) 
or 300 0250 (64-+-169)-+-100 (81--16)-- 120 (100-1-42.25)4-30 (121-81) 

= 11650-9700 -4-17070-1-6060 = 44,480 
oro! 148.27 

==12.1 


‚‚ PROBLEM 2.47. Fora frequency. distribution of marks in history of 200 cam 
didates (grouped in intervals 0—5, 5—10»... „ , etc.), the mean and standard devia 
tion were found t0. be 40 and 15. Later it was ‘discovered that the score 43 was 
read a: 53 in obtaining the frequency. distribution. Find the corrected mean 
standard deviation corresponding to the corrected frequency distribution. 


SOLUTION, Let us reconstruct the original and wrong tables. Let tht 
frequency of the ith group be fi then : 


Class-intervals 


The value of the 
40— 


mean when 43 was misread as 53 is given by 

Eo OSHT Sa e378. 42. 47. 0 82.5 ) : 

Let the value of the corrected mean be Nx 
) 


—. 1 À 
Iden y= 200 (2. J EJ. . . . 42. 5( % 14.4. /i 52.5 


n 
ket 2. en. .J. Vi 47. S yt ST- ir E os 


Then 40 3» (53-42.5/-E52.5, f) or 5--42:5f,4-52.5/,,-:8000 


and y 00 $42.50 Fy 1492.51 з -1)] 
= 550 642.52. J n 442.5—52,5] | 


= 35 (8000 — 10]. DO. =39.95 | 
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ied mean corresponding to the corrected distribution is 39.95. 

ion of the corrected Standard Deviation. 

was misread as 53, the second moment about 40 which was thought 
Ê, is given by : 


E 10.5 — 40)? 2-f4(7.5 — 40% .--f4(42.5 — 40) fo 


(47.5—40)2-4 11 (52.5 —40)12-......] 
153 32.52. f, 2.521716 1-524 fia 17.5#-+—......=з 


200 D-25352 12.5 уу] or з--6.25/у--156.25/\, 


[54.6.25 ( f,--1)4-156.25( Лу, — D] 
+6.25/+156.25/11 4-6.25 = 156,25] 


445000 — 150]— e =22425 


—d* where d is the difference between the actual and assumed mean. 
mple 52—82— 224.25 and d--(40—39.95)—0.05 * 
` . о0®-—224.25--0.0025 
== 224.2415 
^. 9714,97 
ted standard deviation corresponding to the corrected distribution ks 


2.48. Th d standard deviation of a group of 100 persons 
cis 10 Le nean age and VVV 

that the age 57 was misread аз 27. Find the corrected mean and 
tion. к 


. The аве 57 belongs to the group. 56—58 (mid-value=57) and 
gS to the group 26-28 (mid-value--27). . Let the misread frequen- 
Wo groups be f, and fy. Then the corrected frequencies i vaa 1+1) 


fespectively. All other frequencies have been entered 


Value Frequency (wrong) Frequency (correct) 
É 10 n ^ fo 

2 h-1 

of the mean when 57 was misread as 27 is given by 32.0 


--57f,--27/3) or s--57/,--21/,—3202 


is the sum of the products of. correct frequencies and values. Let the 
the mean Бе x, then FAR. 


LESADA h- D} 
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— qe { 3202-+30 P =32.32 


«^. Corrected mean 32.32. \ 
Value of the standard deviation when 57 was misread as 27 is given by: 


(13.18) 100 bth (57- 30.02) 4-f; (2730.02) ] 


Where s=Zf („ ) for all correct values of f, 
or 1740124— 100 672.924 f349.1204 f) 


It is the second moment about 32.02 when 57 was misread as 27. Ci 
second moment about 32.02— 9? is given by 
1 


Smp (94 727.9204 (f+) 49.1204 (f, —1) 
1 
=j (54-727.9204 f 14.9.1204 f 727. 9204-9. 1200 


1 18120.04 
= jg (07401.24--718.8)— 100 181.2004 


We know that g*—8*—d? where d is the difference between the actual 
assumed mean. 


In this example s°=§?= 181.2004, and d=32.32—32.02=0.3 
0 181.2004 009 181.1104 


=. Corrrected standard deviation 4// 181.1104—13.45 


PROBLEM 2.49. The mean and the standard deviation of 1000 values 
variate (grouped in intervals 2.5—7.5,—... etc.) were found to be 29.93 and’ 
Later it was discovered that in calculating these values the errata which was S4 
with the data was. not considered. The errata read as follows : 


Group 7.5—12.5 for frequency 30 read frequency 28 

Group 17.5— 22.5 for frequency 120 read frequency 121 

Group 27.5—32.5 for frequency 200 read. frequency 198 

Group 32.5—37.5 for frequency 175 read frequency 176 

Group 47.5—52.5 for frequency 25 read frequency 27 | 
Calculate the corrected mean and standard deviation for the corrected verlieh 
SOLUTION. The frequencies in all other groups were recorded co 

Let these frequencies be noted by fi and let Zfixi—s. 


The value of the mean when the errata was not considered is given by : 


TC 


29.93 1000 [s+ (30x 10) + (120x20) + (200%30) - (175 x 35) + 
(25x 500 


1000-1. L300 2400. T6000. L612. 1250| 
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10 
^ $—29930—16075—13855 
Д value of the mean is given by: 
[s + (283 10) + (121 x 20) + (198 x30) + (176x35) + 
(27 х 50)] 


[13855-+280-+4-2420+4 59404-6100 + 1350] 


[ 30.005 
in let Xfi (ri 29. 93) T; where, fî are the correct frequencies. Then 
nt about 29.93, when errata was not considered is given by : 


77) 7000 l- 30 (10—29.93)*-3-120(20—29.93)* 4-200 


(30—29.93)2--175 (35—29.93)?--25(50—29.93)*] 

9.5295 = Tagy [T+ 38318195) 

9529.5— 38318. 195—61211.305 

ct second moment about 29.93 is given by 

- su iT + (28 х 397.2049) + (121 X 98.6049) + (198 x. 0049) + 
(176 х 25.7049) + (27 x 402.8049)] 


[ 
1009 (61211.305 + 38453.695]— 000 99665—799.665 


now that o2—5s?—d?. Неге s*=52=99.665 and d= 075 


—99.665—-.0056— 99.6594 
9.98 
EM 2.50 Show that if the deviations are small compared with the 


3 X, 
tean, so that ( S ) and higher powers of N may be neglected, We have 


M 


lo? 
›б=м(! уут 


G is the Geometric Mean, M the Arithmetic Mean and, o the Standard 
‘and consequently to the same degree of approximation, MO 


TION Let x, x * be the values of the variate. 


deviations from the mean are xi, then xi=ai—M or xi =M+xi 


1 
(Mx) (Мх). (M EX]. ү 


118 Practical Problems in Statistics 


СХЗ 

=m [(1+ 2 of 1+ М) ( How) 
Expanding the terms on v. n. s. and neglecting (ы y and higher powers 
when, 


1/1 | 
"ag quiae hy | 


On multiplying these terms and again ignoring (5) and higher рожей 


А 1 E 2 | 
G=m( + Peay) (ха +... xn Эт х м1 Xp?) | 
! 
+ n; M2 (хат пух) 
Now x, Lx +... 
хаха... бно? 


n—0— being the sum of the deviation from the mean, | 
and x12 LN ү Lia E. An 


; : inen rt.. Exp) | 
3 б=м( 170 „H an x Au G12. A 
n ln) 


-M(1— 
or S N- or M2 gn o2 
` PROBLEM 2. 


2o С 4 
ME )=Neetecting "m 


— 


51 If deviations are small compared with the mean, 50 


3 
X P 
( * ) and higher powers of. M may be neglected, show that we have 4 


mately 
2 

Ss 2 ( 
H=M ( 1— + | 
Where H is the Harmonic Mean. ` 
SOLUTION. Let the terms of the series be E i iation fe 
mean M be х. хә...хл, 50 that xi— Af xf NELLO NEM their devinti | 
E | 
EET SUE wa 


1 
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ETO: 
"OE wt 3)] 


STORES 

a4) ] 
spanding the terms and neglecting (т ) and higher powers : 
>r] 320 (14 27 L r) 
| Е) 


tx M I. 1 ATE. 2 (х. an) 
med 8 Eu and ху24-х24-.. n no 


s $ 
E н=м( С м) 
E-( 1— я) on neglecting higher powers of E 


REVISIONAL PROBLEMS 2. 
Find Range and its Co-efficient of range from the following : 


Marks No. of Students 
0—15 
15—30 15 
30—45 18 
45—60 10 
60—75 6 
75—90 4 [Ans. : Range N 
60 Co-efficient — 1] 


feed р 
oa ET out middle 50%, middle 80% and Co-efficient of Q. D. from the 
g table: 


Size of Items Frequency 
2 3 
4 5 
6 10 
8 12 
10 6 
12 4 


40 б 
[Ans. : Q.R.—4 ; Percentile range—8 

Co-efficient of Q.D.="25) 
(a) Calculate Median and Mean Deviation for the following frequency 
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[4ns. : Median 20 ; Mean Deviation 


. (b) For a series the mean deviation is 15. Find the most likely value of quart 
deviation. 


[Ans. : 12 
255. Using Mean Deviation compare which of the series is more variab 


( Use Median and Nu) 


A 'B A B 
48,224 2962 54,987 5,682 
39,648 1348 42,624 4,222 
26,249 8648 32,213 6,498 
62,424 7692 72,642 9981 

68,349 3427 


[Ans. : В is more variable) 
256. Calculate the mean, standard deviation and the Co-efficient of Variation 
Of the grades obtained by 20 students in сп examination in statistics ;— 
62, 85, 73, 8i, 74, 58, 66, 72, 54, 84 
65, 50, 83, 62, 85, 52, 80, 86, qi 75 
[Ans. : a=79.9 : o=11.45 ; C.. lll 
2.57 Calculate standard deviation from the following data :— 


Marks No. of Students 
10 8 
30 | 20 
40 10 9 
50 7 \ 
60 3 
[Ans. : 0 1A 


258. Suppose that a prospective buyer tests bursting pressure of the samplé 


of polythene bags received fr ; he 
following ne unb і ived from two manufacturers A and B. The test reveals t 


Bursting pressure 
(Lbs.) 


` Measures of Dispersion—Average Deviation 121 


Which manufacturer's bags judging from these two samples have the highest 
e bursting pressure? Which of these is more uniform in bursting pressure ? 


В 2186 32.35 


Lives of two models of refrigerators turned in for new models in a 
ey are : 


э X cr. 
A Е Мала OLE 2318 


Number of Refrigerators 


Model B 
5 2 
16 7 
13 12 
7 19 
5 9° 
10—12 4 1 
is the average life of each model of these refrigerators ? Which model has 
niformity ? 
ә [Ans. : 54.995] 


260. Find out which of the following batsmen, is more consistent in 

ing. Would you also accept him as a better batsman ? Why ? 

EMEN. do c D ЕВО: 105 
16 21 TTT 78 УЗ 90 95 


of Batsman A = 67 08. 
of Batsman B. = 69.52. 


: coefficient of variation is less for batsman A., hence batsman A is more con: 
Since the average is also higher in case of batsman A, he is to be regarded 


ter batsman also. 
1. From the following observation prepare а frequency distribution table 
od) and find out the mean and the 


18 15 35 32 30 8 12 

8 18 19 18 30 36 42 
37 30 39 25 24 26 28 
17 19 21 2 10 16 15 
17 12 21 29 30 31 19 


LAns. : = 8.56] 


62. From an analysis of monthly wages paid to workers in two organisations 


а , the following results were obtained: 


(e D 
| workers 550 600 
age monthly wages 60 48.5 
100 144 


Tiance of the distribution of wages 


in the average monthly wages and the variability in individual wages of all the 
in the two organisations taken together. 
C Ans. Combined Mean = Rs. 54] 
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[Combined variability XI Rs. 54, o,,*— Re I 


2.63. Calculate coefficient of variation for a series for which the fol 
results are known : 


N= 50, ZD- —-10, ZD?- 400 

where D=-deviation of items from assumed c"'erage 75 
(C. Vm 
2.64. Mean and standard deviation of 200 items are found to be 60 and 20. | 
at the time of calculations two items are wrongly taken as 3 and 67 instead of 13 
17, find the correct mean and standard deviation. 
(X—59.8, a=W 


2.65. The following are some of the particulars of the distribution of wei 
of boys and girls in a class : 


Boys Girls 
Number 100 50 
Mean Weight 60kg. 45 kgs. 
Standard deviation 9 4 


Find the mean and standard deviation of the combined data. 

(Ans. Vie S, c= 

2.66. The mean and standard deviation of a group of 100 observations 
found to be 20 and 3 respectively. After the calculations were made it was fol 
that three of the observations were incorrect, which were recorded as 21,21 and 
Find the mean and standard deviation if the incorrect observations are omitted. 
(Correct X==20, correct a 


, 2.67, (i) Coefficient of variation of two series аге 58 and 69. Their si 
deviations are 21.2 and 15.6 respectively. What are their arithmetic means ? 


(Ans. М = 26.50 
(i) Mean of 100 items is 50 and their standard deviation is 4. Find the j 
of squares of all items. (Ans. Ха] 


268. Mean and standard deviations of two items are found to be 40 and 
If at the time of calculations two items are wrongly taken as 30 and 70 instead 
and 27, find the correct mean and correct standard deviation. 


(Ans. Thus the correct mean is 39.3 and the correct standard deviatio 
10.24 
2.69, Two samples of size 40 and 50 respectively have the same mean 5% 
Adifferent standard deviations 19 and i Neue зате mo 
the combined sample size of 90. and 8 respectively. Find the standard devi 


(Ans : си 


is d 
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SKEWNESS 
Skewness denotes the absence of symmetry and is indicated where t'ie values 


of Mean, Median and Mode are not identical. It is calculated by various methods 
which are illustrated by the examples given in this section. 


PROBLEM 3.1, Find the Second Moment of Dispersion and a co-efficient 


of Skewness from the data in the following series :— 


Size of item Frequency 

3.5 2 

4.5 7 

5.5 22 

6.5 60 

7.5 85 

8.5 32 

9.5 8 

SOLUTION. Calculation of the Second Moment of Dispersion. 

Е Deviation Frequency x 
Size of from as. Frequency x square of 
deviation deviation 


av. (6.5) 


4 128 
Arithmetic average ог аз хф 22 265+ 517 = 7.089 


Efax? -( ух ү 
n n 
362 128 \? 
ла of aT 
= 1.668- .347 
= 1.321 
Standard Deviation = 4/Second moment 
24/132 
= 1.149 


Second Moment of Dispersion 
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Location of Mode by grouping 


Frequency 


Analysis Table 


Column Size of йеп containing maximum frequency 
7.5 

G 15 8.5 
(3) oT Sage 
(4) 6:5 уй 05 1e 585 
(5) 9а 6.5... 95 
(6) 5:5 "65 17/5 

No. of 1 3 6 3 1 

times a 
size occurs 


The size 15 is therefore the mode. 


Applying to the above data the Karl Pearson's formula of skewness, viz. 
j= Sz 


о — i Where j represents the co-efficients of skewness ; a, the arith- 
metic mean ; z, the mode and c, the standard deviation, 
2.089 —7.5 


5 AT - жа 


=- 359 


We get, | 
Thus, the second moment of dispersion—1.32 
and the co-efficient of Skewness== – 359 


PROBLEM 32. Find out the mean wage anda co-efficient of skewness fot 
the following — 


35 men get at the rate of Rs, 


4.50 per man 
40 men get at the rate of Rs, 5.50 per man 
48 men get at the rate of Rs. 6.50 per man 
100 men get at the rate of Rs. 7.50 per man 
125 men get at the rate of Rs. 8.50 per man 
87 men get at the rate of Rs, 9.50 per man 
43 men get at the rate of Rs. 10,50 per man 


22 men get at the rate Yf Rs. 11.50 per man 
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ILUTION. Calculation of Standard Deviation. 
Deviation Frequency x 
from the i | ۴ 


.... SEES 


: Difax 283 
Mean wage or a=x+ E =7.5+ 500 Rs. 8.066 


E 
z | bz тах үг 
Standard Deviation or o= a —(®=) 


E mE Nr 
: 5 (00) 


==\/ 3.15 


=1.775 rupees. 
Location of mode by grouping 
С Wages in Rs. 


No. of men (f) 
(m) 


4.5 35 

: 123 
P \ "n 188 
E 5 273 
7.5 100 } 225 

Я 312 

255 
| | m 152 


Analysis Table 
Size of item containing maximum frequency 


8.5 

8.5 

43 

8.5 

© 8.5 
No. of times 


| "8 size occurs 
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The wages Rs. 8.5 is, therefore, the modal wage. 
Applying the above data to the formula. 


We get, jet 
We get, je 1755 


— 434 


e 


=—.2451 
Thus the mean wage Rs. 8.066. 
and Co- efficient of skewness——.245], 


da PROBLEM. 3:3. Find the co-efficient of skewness from the following 
ta :— 


Heights of school boys 
Height in Na. Height in No. 
centimetres centimetres 


1028 
SOLUTION. Calculation of the Standard Deviation 


ight i Frequency X 
Height in assumed | Square of Frequency х Square of 
centimetres average |deviation Deviation deviation 


FFF E E E.A 
S чта омо 


— — 
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P n 
height or a—x + —1404 3338 40.75 centimetres 


3 Ях ү 
dard Deviation of the height or o = [= x -( cM) 


же 


узу 


2.261. centimetres 


Location of Mode by grouping 
No. (f) 
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Analysis Table 


Column 


Size of item containing maximum frequency 


The modal height or z is therefore 141 centimetres 
Applying to the above data the Karl Pearson's formula, 
pode : " 
=—] here j represents co-efficient of skewness | 


We have 


j—40.76—41.00 
F 


— 24 


TAZ IG" 


——.1061 


Thus the required co-efficient of skewness is — . 1061. 


PROBLEM. 34. Find ош co-efficient of dispersion and a co-efficient of 
skewness from the following 


Шайы table giving wages of 23 persons and explain theit 


Wages in Rs, No. of persons Wages in Rs. No, of persons 


Moments Kurtosis and Skewness 


129 
SOLUTION. Calculation of Standard Deviation. 
Deviation | Square Frequency x] Frequency 
from assumed 


Deviation 


average 
(305) 


Ss 


dx = 125 
xi=305 + 330 * 10 


— 310.43 rupees. 
Yu 7 fax N: 
Standard Deviations, J 8 - (77 )xi 
53 125\2 
30 Vno) 10 


=4/ 2.978 x 10 
=1.725x 10 
= 17.25 rupees. 


Arithmetic average, or a=x + 


>= 


Location of Mode by grouping 
No. of persons (frequency) 
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Analysis Table 


Size of item containing maximum frequency 


[0] 310—320 

(2) 310—320 | 320—330 
(3) 310—320 

(4) 310—320 | 320—330 


310—320 
310—320 


320 —330 


The modal group is, therefore, the Rs. 310—320 wage group 
By interpolation, 
zb. A i _ 50—42 = 
1* зуу s10 , 100-48 020-310) 
=316.15 
Thus the modal wages (Z) is Rs. 316.15 
Applying to the above data Karl Pearson's formula. 
j= LI where j represents the co-efficient of skewness, 


We get, 


;.31043—31615 — —572 
E EE SAS 34 


Thus the required co-efficient of skewness is —.332. 


3 PROBLEM. 35. The following table gives the distribution of pop 
in towns Aand В in age groups. Compare the variation and skewness of 
frequencies, А 


Population in thousands 
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(хару) 
uoneiAaqq 
Jo 21enbs 
x 
Aguanbe.4 


(X (sf) 


ѕриъѕпоці 
ш 


иопвләст 
х 


080 1+ 00СУС 
€ AT ES ERA Ee. Bs 
1 00572 . os + 1 0082 os * 


(rah (pf) 
uonenaq 
Jo 21enbs uoneaaq 
x 


(f) 


spuesnoy) 


UONBIAIG PsepuRIg Jo uorneno[g 
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Place A 


Average Age of population or а=х + cue 


80 
=25+ 75 
—26 years 


Standard Deviation or o=, zu  ) y 


242300 — (80 
e () узи» 


=17.5 years 


Co-efficient of variation = — x100— LULA 100— 67.3 


26 
Place B 
Average Age of population or a—x + ZA 


1080 
12 


733.85 years 


Standard Deviation ог g= Fi = - ( zh Ex ) 


=25+ 


3 1 2 
TUNES E Ga 123) = 226.6 
=15.05 years 


Co-efficient of Variation: —2 x1 — 15.05 × 100 — 
оп 2 x 100: — Has =“ 


Location of Mode by grouping 
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Analysis Table 


Size of item — — maximum frequency 


VES A 


20-30 
20-30 
10-20| 20-30 
10-20 | 20-30 |30-40 
20-30 |30-40 |40-50 200 3040 30-40 | 40-50 


As mode is ill defined, the median has to be calculated 
Computation of median 


Population in thousands 


Frequency Cumulati 
ee 


Age-group 


Place A 


Median age—the age of the i.e. 39.5 thousandth person 


Which lies in 20— 30 age group, 
Byi өне у 


h+ جو‎ (т-с) 


=20+ 858 (39.5- 34)=23.67 
=24 years approx. 

Place B 
\ Median age—the age of the 122 Le. 61 thousandth person 


Which lies in 30-40 age group. 
By interpolation 


134 Practical Problems in Statistics 


=30+ 9239 (61 - 46)=34.69 
=35 years approx. 
Applying to the above data Karl Pearson’s formula. 


jE ; where j represents the co-efficient of skewness ; and 


a, M, and о, the average, the Median and the Standard Deviation 


we get, j (of place a=. 8151-3425. 


17.5 
J (ef place m. 15505 = Fe — 2252 
Thus, on com n of аас of variation and skewness it is obvious 


that variation and skewness are greater in A. 


PROBLEM 3.6. From the following table state in which section the co-effr 
cient of skewness is higher. 


Marks obtained Students of sec. A Students of sec. B. 

0—10 1 0 
10—20 4 5 
20—30 10 10 
30—40 22 13 
40—50 30 42 
50—60 35 30 
60—70 10 10 
70—80 7 8 
80—90 1 2 


x 


ncy x 


deviation 
Fi 
Misco c 


deviation 


ue: 


No. of students 
Frequency 


d*x) 


SS Se 
— 3888882 
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4 
Lg 
, Ф Arithmetic average or a= х + xi) (а) x10 
= 46.83 marks. 


_ Standard Deviation or o= y AME (= yx 


G I ) «10 


=y 22x10 
= 1.483x10 
à = 14.83 marks 


Section В 
1 dx 34 
Arithmetic average or ae x+ п хї=45+ | T0 }^10 
= 47.83 marks 
. Хуа? Хуахү? 
Standard Deviation or o,= W (29) xi 
4 M 
5 (ж) x 


= 42.185 «10 
= 1.47810 
= 14.78 marks. 


Location of Mode by grouping 


No. of students (Frequency) 


Section B 
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Analysis Table 


is the 50—60 marks group 
and Modal marks group of Section B is the 40—50 marks group 


ES 0 


251.67 marks approx. 


4 42—13 
Modal marks of Section B or Z, = 40 4 ®4—13—30 (50—40) 
=47.07 marks approx. 
Applying to the above data Karl Pearson's formula. 
j= -Z » Where j represents the co-efficient of skewness. 
We have, 


j (of Section A) e =—327, 


j (of Section В) SS. = 4.051, 
Thus the co-efficient of skewness is higher in Section A. 
PROBLEM. 3.7. Weekly earnings of two 


and B are given and. you are asked to compute со-е, 
method 


Weekly 


> 


roups of workers in or) 
cient of skewness by Pe 


No. of workers of 
Fi B 


Total 310 
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oi 01 
0—01 


zs 021—011 
81 011—001 
0 001—06 
OL 06 —08 
007 08 —0L 
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у. ГО Ср 
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Factory A 


Mean of the weekly wages = x + Ex x 
2954 8 x10 


= 110.74 rupees. 
z "LR 
n n 


i 


Standard Deviation or o, 


+ ЫЫ x10 
310 310 
= 4.85.10 
= 2,202 10 
Factory В = 22,02 гиреез. 


Mean of the weekly wages= x+ ZR xi 


C4 


2954 Jo x10 
= 80.07 rupees 


IS dix —( 22у ) 
Standard Deviation oro, * " 5 
2 


2275 /—463 ү? 
PRAY 
"V Sii 10 
= 2.261 x 10 
= 22.61 rupees. 
Location of Mode by grouping 
Number of workers (frequency) 


Factory B 
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Analysis Table 
Size of item containing maximum frequency 


Colum 
Factory A 
i! 
00-110 tea 120-130 90-100 
12 1, 
00] 100-110]110-120 s о agis 


A is i ; = 
the prea fe X 9 efined in case of Factory A, Median has to be calculated for 


yum "aating the co-efficient of skewness. 
— 7 Calculating the Median Wages 


No. of workers No. of workers 
in Factory A in Factory B 


Weekly 


wages in Rs. i 
б : Cumulative 


Frequency 


| Factory А 


^ Median wages =the wages of the à i. e, 155th worker 
which lies in Rs. 110—120 wages group, 


By interpolation 
IS bo 
: „по 97519. (135—130) 


= 115 rupees. 
Factory B 


Median wages «the wages of he. SRW 
which lies in Rs. 80—90 wage group 
By interpolation 
E 90— 80 
80 + 70 (155—155) 


= 80.14 rupees. 
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Applying to the above data, Karl Pearson's formula of skewness when mod 
is ill-defined, viz, 
j= 3M) where j represents the co-efficient of skewness, 
v 
We get 


Co-efficient of skewness of weekly wages in Factory A 
„за 1024—50) D approx: 

Co-efficient of skewness of week] 

3 (80.07—80.14) 

"| TELA 


j | 
у wages in Factory B. і 
=—.0093 


PROBLEM. 38. From the Following table compute quartile deviation as Wa 
as the co-efficient of skewness. 


(1) Median or M the size of the 02 i. e., 54,5th item 


which lies in the 16— 

ula of interpolation, 

1—1, 

М= 1 + 2 n 
1 RAE ( ) 


20 size group > 
Applying the form 


We have M 16% 20—16 64s. 34) = 18.73, 


= 18.8 approx, 


(2) Lower Quartile or O, = the size of the m 1. e., 27.359 item 


Which lies in the 12—16 size group 
By interpolation, we get 
5—1 
Q=h+ 5 (Are) 


= 124 2كا‎ oras as) \ 
=145 
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(3) Upper Quartile or Q, =the size of the x) i. e., 81.75th item 


which lies in the 24—28 size group. 
Applying the formula of interpolation 


G a (4, 0 


We get Q,-24* y (81.75—79) 


= 24,92 approx. 
(4) Quartile Deviation = 2-g. 
= 24.9—14.5 = 10.4 
a 


2 
252 
(5) Co-efficient of. Skewness= Би 
3—01 
24.92 + 14.5 – 2(18.7) 
9514.5 
..202 
10.42 
= 4.193. 


PROBLEM 39. The weekly wages earned by one hundred workers of a 


tory are set out in the following iable : 
(Rs.) 
12 
16 


No. of workers 


) Calculate the three quartiles of the above distribution. 
k (ii) Find the absolute and relative measures of dispersion and skewness based 
û these quartiles. 


SOLUTION. Calculation of quartiles and co-efficient 
Cumulative frequencies 


of skewnes: 


72.5-77.5 


Q,—Size of (+ 8 item or 100 2st item 


— Quartile First ſies in 37.5- 42.5 group. 
By interpolation 


Q,—31.54- de 12) 
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Applying to the above data, Karl Pearson's formula of skewness when moi 
is ill-defined, viz. 

j -20M ‚ Where j represents the co-efficient of skewness, l 


We get 
Co-efficient of skewness of weekly wages in Factory A 
3 (110:74—115, 
= 270 — 16 approx. 


Co-efficient of skewness of weekly wages in Faetory B. 
۔‎ 31900778019 _ | 0993 ‘i 


PROBLEM. 38. From the following tabh пеше deviation as W 
as the co-efficient of skewness, f s pr ii 


—— a 


(1) Median or M = the size of m 1, €., 54.5th item 


i which lies in the 16—20 size group 
Applying the formula of interpolation, 


1 
М=1, + e 


We have 16% 2016 (54.6 30-1655 
= 18.8 approx, 


(2) Lower Quartile or Q, = the size of the 21 €,21155h item 


which lies in the 12—16 size group 
By interpolation, we get 1 


[/ 
Q,=1,+ E i-) 


[ 
= 124 ioa 
=14.5 
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(3) Upper Quartile or Q, the size of the 3009) i. e., 81.75th item 


which lies in the 24—28 size group. 
Applying the formula of interpolation 


Qeit p e 7o 


We get Q,-244 a 


= 24,92 approx. 
(4) Quartile Deviation = $9 
_ 249—145 _ 104 
TP 


(81.75—79) 


252 
(5) Co-efficient of Skewness= ©з” E ue 
— 1 
24.924 14.5 – 2(18.7) 
— 492714.5 
2.02 
10.42 
= 4.193. 
PROBLEM 39. The weekly wages earned by one hundred workers of a 


factory are set out in the following table : 
к; у 
(Rs.) 


No. of workers 


Rs.) 
32.5-37.5 12 57.5-62.5 0 
37.5-42.5 16 62.5-67.5 6 
42.5-47.5 25 67.5-72.5 3 
47.5-52.5 14 72.5-77.5 1 
52.5-57.5 13 


© Calculate the three quartiles of the above distribution. 
(ii) Find the absolute and relative measures of dispersion and skewness based 
these quartiles, 
SOLUTION. Calcul 
Weekly wages 


lation of quartiles and co-efficient of skewness. 


Ea acd Cumulative frequencies 
12 
16 


Q,=Size of Єз th item or 10 25th item 


Quartile First ies іп 37.5— 42.5 group. 
By interpolation 


Ns Tg 05-12 
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5713 _ 
=37.54 2715 „41.6 
sie of - Lin item or 30100) si item. 


Third Quartile lies in 52.5-57.5 group 
By interpolation : 
5 
Q4252.5 + “з (75- 67) 


5х8 


==52.5+ i3 


=55.58 


©, ог Median=Size of G ) item or 50th item which lies in 424 
group. 
By interpolation : 
М-е42.5 + 5 (50-28) 


5x22 


=42.5 + A= 46.9 


Absolute. measures of dispersion and skewness 
Dispersion : 

Q.D.— Q3- Qi ES 55.58 - 41.56 25 14.02 ло! 

м * ‘ation aQ: 55.58-41.56 7.01 

Co-efficient of Quartile Deviation QT 5338 AT 5679714 

Skewnes : -~ 
SK=Q, + Q,-2 median 

755.58 + 41.56- 2% 56.9—3.34 
Coefficient of skewness (p= 2+ 0 —2M __55.58 +41.56-2%46.9__ 3 
370i 53.58 —41.56 1 


PROBLEM 310. Find the mean deviation and standard deviation € 
7 table giving the marks obtained by 500 candidates : Calculate a co 
of skewness. 


Number of Marks No. of Candidates 
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SOLUTION. Calculation of Mean Deviation and Standard Deviation. 


Deviation | Square of Erogo Fregaty 
from the 
as. av. (45) 


Standard Deviation [585 =( Ny 
800 V? 
- Ре As) 


= 37824. 
= 19.45 marks. 
Arithmetic average = x + ZA fax =45+ BO 
n 500 


= 46.6 marks. 
Deviation from the average Frequency x Deviation 
(46.6) from average 
(+ & - signs ignored) 
(d) ud) 
41.6 1248-0 
31.6 ` 12640 
21.6 1080.0 
11.6 556.8 
1.6 38.4 
8.4 1360.8 
18.4 2428.8 
28.4 397.6 
J fd= 8374.4 


БЫЛ 


Mean Deviation (from Arithmetic average) or ô= e 


= 16.7488 marks 


we have, j= 
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Location of Mode by grouping 
No. of candidates ( f ) 


No. of items 
а size occurs 


Thus, the modal marks group is 50-60 group. 
By interpolation 


162-24 
=50+ JN 27 17 (60—50)= 58.21 
Thus the modal marks are 58.2. 
Applying to the above data Karl Pearson's formula 


ü-2 А 1 
j= E TL where / represents co-efficient of skewness 


466-582 _ —11°6 
т.1945 77-1945. 


PROBLEM 341. Find the Standard and Quartile Deviation and a co-efficient 


=—.5% 


of skewness for the following. 


Class Frequency 
0- 3 4 
3- 6 8 
6-10 10 
10-12 14 
12-15 16 


15-18 22 
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` 18-20 24 
2024 28 
24-25 20 
25-30 . i4 
30-32 12 

7 


32-36 
TION. Calculation of Standard & Quartile Deviations. 


lrithmetic average or a= x* Zils i= + = 179 x6 


4 = 19.3 approx. 
из Ее р T 


ard Deviation or o= 


5) 352 
пә” L2) id 
4/1366 078x 6 i 


2] 1387 N 


71.374 x 6—8.244 


2825 
wer Quartile or Q, the value of the 19 i.e., 44.75th item 


in the 12-18 group 
interpolation 


men 
Q= l+ TAE ЫС 
=12+ B (45.15 - 36) 2 15.5 
— i.e. 134. 25th item 


| Upper Quartile or Q,=the value of 


lies in the 24 - 30 size group 
Applying the formula of interpolation 


[ о, =+ (A -e) 


F, 10 
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We get, 
Q,7244 29—24 (13425 126) 
725.5 approx. 
; юп= 22-01 25.55-15.55 — 
Quartile Deviation 57 کو وڪ‎ 


Location of mode by grouping 


No. of times 
a size occurs 


The modal group is, 
By interpolation 


Mode or Z=/, + ah 1) 
db Mr (24— 18) = 20.6 approx. | 


Applying the above data to Karl Pearson's following formula of 
of skewness, 


therefore, the 18-24 group, 


je 2—2 ; where j represents the co-efficient of skewness, 


We have, 
‚ _ 19.3—20.6 —1.3 
MUSS TT 8959—1197 


Thus, the co-efficient of skewness - 157; 
the standard deviation 28.25 | 
and the Quartile Deviation =5 


PROBLEM 3.12. Find out the mean deviation, standard deviation and ert 
deviation from the following table. Also calculate a ‘co-efficient of skewness. 


"ice ou £^ 
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Wages in Rs. No. of labourers 
above 200 685 


210 

220 423 
230 389 
240 209 
250 73 
260 50 
270 0 


Calculation of Mean Deviation, Standard 
Deviation and Quartile Deviation. 


ME 
. 
x et Az 
9 Dos ч 
8 8 Bs “agi X 
ae 5.5 с. E 
33 EE S 
Ec Eoi 555 = 
зә £8 Hh 5.5 
Om — LÀ * 
at] u.s 


= Rs. 229. 


1) Standard Deviation 


E рашы ў 


2685 Үйү | 
68 685 Е 
= V 3.56 x 10 


= 1.87 102 18.7 rupees. 


St Quartile or O, = the wages of e. e., 171.25th labourer which lies 
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22402 250-2 613.15—476 } 
= 242.8 rupees. 


By interpolation, | 
(2) Quartile Deviation = 9-2. 2028 2093 216.75 rupees, | 


Zfd 11308 


(3) Mean Deviation (from Mean) = —7- 685" 16.5 rupees. 
Location of Mode by grouping 


No. of Labourers (frequency) 


То ep er ep o] 
185 


pow 
T 


Analysis Table 
Size of item containing the maximum frequency 


200—210 
200—210 | 210—220 
230—240 | 240—250 
230—240 | 240—250 
210—220 | 220—230 | 230—240 
220—230 | 230—240 | 240—250 


ES uli 


The Rs. 230—240 wage group is, therefore, the modal wage group- 
Ву interpolation. 


211 4 = lg—l 
MES 8 
180—34 

22304 360—34—136 (240—230) 
=237.7 rupees. 1 
Thus the modal wage is Rs. 237.7 
Applying to the above data the formula. 

4—7. ; wherej represents co-efficient of skewness 


We have, j= ا‎ Кез КИР 


18.9 


PROBLEM 3.13 Calculate Karl Pearson's Co-efficient of skew 
the following data :— 


j= 
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Marks Number of students 
Above 0 150 
» 10 140 
A 20 100 
мад 30 80 
40 80 


Step Devia- 
tion from 


A 


n 


$39.27 marks. 


7g TUE 
o= 222 Qm) " 
830 4—86 ү? 
- Jis 150 х10 
=22.8 marks. 


_ Мейап= The value of 2. Lor or 75th item. 


lich lies in 40—50 group. 
interpolation, 


= m—c) 
=40+ 30 599 07510) 


=40+5 
=45 marks. 


j= 339.27—45) 
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—FIT.19 | 
== 355 | 
==—,75 | 
It should be noted that in this formula j varies between +-3, | 

" 


PROBLEM. 3.14./n a certain distribution the following 


results 
obtained : 


x (mean) = 45.00, median = 48.00 
Coefficient of skewness = —0.4, 
The person who gave you the data failed to give 


the value of standard dems 
tion and you are required to estimate it with the help of the available information. | 
SOLUTION. 


Coefficient of skewness ( j) = 3(Mean—Median) > Median) | 
Substituting the given values, we get | 
- —т) 
= Slag 
—04= — 
—0.49 2 —9, 
o= + 222.5. | 
PROBLEM 3.15. (а) Fora moderately skewed data, the arithmetic mean 
100, the co-efficient of variation is 35 and the Karl Pot 7 
ness is 0.2. "a the E and median, орооны 
(5) Karl Pearson". 
0. 


4 
s co-efficient of skewness of a di tribution is -- 0.40. 
standard deviation is 8 and mean is 30. Find the иот median of М 
distribution, | 
SOLUTION. (a) Co-efficient of Variation (ev) = з= х100 
| 
с 
35= оу х 100 
А» =35 | 
Calculation of mode : x | 
J с 
100—7 
ES =; ' 
ss Z=93 
Calculation of median : 
j= Xe—m) 
с 
3 (100—5) | 
022 کچ‎ 
97 approx. | 
S esse da СЛ 
COHEN airs т 
T E 
226.8 


Mode 3 Median —2 Mean 
26.8= 3 Median—2 x 30 
Median = 28.93 approx. 


—— 
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he values of various moments about the mean are 


t Moment or l- L-Zf(x—9) aid 


2 
d Moment or p= 1 Zf(x—X) = = 


za* 


d Moment or p= Lzy م‎ =— 


50 on. 


e d represents the difference between mean and other values of the 


asis is measured by Coefficient 8, which is equal to the fourth 
out the mean divided by the square of the second moment about the 


Bo= p. 
=3and this is the value obtained in a Normal 


The standard val 
ndard value of 82 latykurtic and if itis more than 3, 


В, is Jess than 3 the curve is р 


metry and is indicated when values of 


ess denotes the absence of sym а 1 
n and Mode are not identical. It is studied by various tules which 


ed in the problem solved. 
OBLEM 3.16. Calculate the first four moments of the following distribu- 


mean : 
0 1 25 8 4 5 3 un ms 
Поа з. a as 
1 = 
UTION. First moment about mean #2۸13 —,4- Хурх) 
" 1 5 
Second moment about mean E qf (x—x)? 
> 1 а 
Third moment about mean х= = a к—х)% 


a 1 " 
Fourth moment about mean X 7447 -7 Df (x—x)* 


Mean of the above distribution 
+ (1Xx8)+(2 x 28)--( x 56) + (4X70) + (5 
256 


6x 5) (6x 28) e (18) +(8X 1)? 


10244 
7256 


+56+ 168 + 280 4- 280 + 168 + 56 +8 


Calcutta ny i 
фе, cC. ME 
Au 
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Calculation of Moments. 


(6) 
f -= 
col.3 x col.5|col.3xedl 
— 64 


ONAN B WHO 


—140 + 140 


= 26 0 123 2 NM 0 
Ig CN 
B= 556 MATIS 5 


PROBLEM 3.17. Express thc first four moments about mean in terms of fir 
four moments about an arbitrary origin A. 


SOLUTION. Let the values of the variate be x, r. . xn and let! 
mean be x. 


Let x—x = Х deviation from mean. 
x—A+€ deviation from arbitrary origin A 


and Ad 
Then х—Х = (x —4)—(X—4)- £—d 
Now first moment about mean =/= A Zf (x—»- + Ef ((—4) 
1 1 
N- N LH 
-N 
N Zf (x—A) is the first moment about arbitrary origin A= 51 | 
l- did o | 
1 = 
-N Z- у/ (ayaa 2/2 Ud) | 
or Iz f G—2d Df ¢ + Nat] | 


= aap aay, NP 
I ےر کے رم‎ 
ma BSH JC ve ut 


Shots og Gi‏ )رو لے 
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> = 8—38; 0, 438, 81—01 
i 257 381 0, +28} 

k ue A Efe XY Хурса) = 2 (01—402 + 
| ^ (6d? (d (+44) 


I zr U — U Zr c+ Ezy e 


3 П 
W Epp 2 
= 8,—40,9* + 68,* 8,—48,* 48, +8,* 


—=$#—46,$° + 6818—38," 
De PROBLEM 3.18. Calculate the first four moments of the following distribution 
"about х= 15 «nd thence find the moments about the mean of the distribution. 
0 / 2 1 MH 15 16 17 18 19 20 21 Total 
J: 9 36 75 105 116 107 88 66 45 30 18 5 700 


SOLUTION. 
(4) (5) (6) 
R 16-15) f 15 Дх—15% f(x—15) 
col.2 X col.3 col.3 x col.4 col.3 xcol.5 col.3 K col. 
—1125 
—2304 


Moments about x= 15 8 
_—140+,595 —l4$ „201 „389-4 
51 = 2145 0071 5,700 = 55414 


700 
À ے 81ے رو‎ EU = 0.9586 
Moments about mean : 
Ho = б, = 5,°=5.5414—(.2071 * —5.5414—0.0429 = 5.4985 
jig e 84 —33 5q-+25,2 = 0.9586—3(—0.2071 (5.5414) + 0—02071) 
= 0.9586 4-3.4429—0.0178 = 4.4015 = 0.018 

= 4.3837 

Jia = 8,— 49,5, + 6бу'бу—3бу = 45.5871—A(—.2071)(.9586) + 6. 
(.0429) (5.5414)—3(-—.2071 p 
= 75.5871 + 0.7940 + 1.4263—.0055 = 71.8074—.0055 


= 77.8019 
PROBLEM 3.19. Express the first four moments abou 


in terms of moments about mean. 


8. 23005871 


и an arbitrary origin 
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SOLUTION. Let the values of the variate be x, x,..xy and let 
mean be X. 
Let X—x = x deviation from the mean. 
X—4A-— ( deviation from arbitrary origin A 

and XA d 
Then ( =x—A=(x—x) + x—A)e x 4 d 
First moment about 4 F Zf(x—A)- * Zf (xd) 

1 а 

I N 
or ö1 *d-d | s 

Second moment about 423, oed * A= EN Ef (x e dy 


= HSE 2d Df dt уу) 
= * Ху? + an 
=p +d? е 
Third moment about 4= 8, = E (х—А)%= 1 /i 


- + Efix? + 3x%d 4.343 +a’) 


=p 3d My + 3d? ру +a? 
= pat 3d pig +d? 


Fourth moment about 4 =8,=—1- Zf(x—A) = x G- 


= x Efix + 3084 + 6x1d Aud +a’) 
= 4d uz +6d? su +4d? p, 4 00 
= j +44 je Lede pue ы. 
PROBLEM 3.20. The first three moments of a di tribution ab 
2 of the variable are 1.16 and. . ' Show fed VISA S 3, the е 15 
437 —86. Also show that the first three moments about x 2o are 3, 24 and 76. 
SOLUTION. Moments abour = 2 are 
8,21,8,2 16 and 8- —40 


or ô= l- - + 27, ? + r Xx—2«1 


4 x=3 mean=3 
Hence d-x—423—2—128, 
Now, #25,—85,? = 16—1 = 15 ; variance = 15 
1478,—3 8,8, 25,7 —40—31x 1642,12 —88 +2086 
To calculate moments about Zero, we find 
deX—A-23—023 
First moment about zero =u, +d=34+3=3 
Second moment about zero *p3 d? 2 1559224 
Third moment about zero =H; + 3dpa d? 
2—863x3x1543* 
=—86 + 135 + 27 а 162—586 


= 76 
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PROBLEM 3.21. The first four moments of a distribution about the value 
4 are—1.5, 17,—30 and 108 ; find the moments about the mean and the origin. 
SOLUTION. Moments about x=4 are 
§,=—1.5, 8= 17, 852 —30 and 5, = 108 
(ii) Calculation of mean : 
а= V 2 -= 1.55 Mf. 4=—15 
. х=2.5 
(ii) Now бё, = 2.5—4= —1.5 
pam df 17——1:5)2= 112352 5 
ра= 94—3 9399 * 28,3 = —30—3 (—1.5) (1) + 2(—1.5)8 
=—30 + 16.5 —6.75 = 76.5—36.75 
= 39.75 
1 8 —4 $ 83: 6 8," 8,—38,1 
—108—4 (—1,5) (à—30) +6 (—1.5)2 (17)—3 (—1.5* 
—108—180 + 29.5—15.1875—337.5—195.1875 
—142.3125 
(iii) d= X- Az 2.5- 0=2.5 
Ist moment about 02 ш +4= 042.5—2.5 
2nd moment about OH + d*—14.75 4 6.25 21 
3rd moment about O + 3dpa + 4% = 39.15 +3 (2.5) (14.75) +) 2.55 
39.75 + 110.625 +15.625 
=166 
4th moment about 0= jc ,4-4djrg +64 pia + 
= 142.3125 402.5) (39.75) +6(6.25)(14.75) + (2.55 
= 142.3125 + 397.5 + 553,125 + 39.0625 
= 1132 
PROBI » nts ofa distribution about х= 4 are 
14,10 zh aM a re си nee ate the moments about x + 0 and 
about the mean. 
Calculate also B, and By and comment on their values. 
SOLUTION. Firstfour moments about the arbitrary origin. 
А=4 are 1, 4, 10 and 45 


8= x Z fx-4)- A EA Ef=x-4=1 or x=5 


(i) Moments about the mean. 
i29 
= dz 8,32 4-123 
= 8, - 39,9, 1 2 107 3x 1x 4 lor 124280 A 
4 = 8, - 45,8, +68, 0p- 35,4 45 - Ax 1x 10X6 +1 x4-3.1 
245- 40424-3226 
(ii) Moments about x=0 
ô =x=5=d 
8= H +8,’ 234252 28 
Bye 11 238,8, 28, 2 043% $X28- 2%5%= 420 230 170 


8. н, 48,8, - 69,18, 30,1 = 26 14x 5x 170- 6x Кани 


A 
(iii) Bi - 9 «0 and =т= 36 2885 


istribution is platycurtic.But Ba 3= -.111, there 


Since В ,—0,4/B, = 0 and therefore the distribution is symmetrical. hs 
re ће di B ore 


less than 3, therefore t 
the Kurtosis is not much. 
moments about the working mean 18.5 of 


PROBLEM 3.23. The first four 
a distribution are 0.294, 7.144, 42409 and 454.980, calculate the moments about 


the mean. 
and conunent upon the skewness and 
* 
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Calculate also and and у, 
Kurtosis of the e don Bye Е 
SOLUTION. First four moments abo 
7.144, 42.409 and 450.980 
28.5 с 28.5 


d- Дух 28. H- N 
0.294 or K- 28.794 


paz 52-81 1.144 - (0.294\%=71.144— 0.086 = 7.058 
45 522 35,8 +28у* 42409 - 30,294X 1.1449) + 
0.294) = 36.151 


pa= 8,7 48183 + 65175 - 3§,4= 454.980 -4(0.294) 
47 9«7 80293 (42405576 C294): (7.144)—3 (.294)! = 408.738 


_ ш? Ge _ 1306895 
Now B= D. = тоза = 351601 317 81 


i- 1.928 


408.738 _ 408.738 
Ва as 7088) — BI 7370 8,7 B,—3 = 5.205 
VVB. and indicates considerable skewness. 
-B-, and indicates considerable leptokurtosis. 


PROBLEM 3.24, (a) The first four moments of a distribution about x =å 
are 1,2.5,5.5 and 16. Calculate the four moments about X and about zero. 
d 1815. 


b) The first four central moments of a distribution are 0,2.5, 0.7 an 
Test the skewness and kurtosis of the distribution. | 


SOLUTION. Moments about Mean (X) 


ut the arbitrary origin 28.5 are 0.294, 


8244—36 ДҮП 210 
з 3.)—, Ў + 
еН 
Ba + —3( 
ak КЕРИЛЕТ | 
—16—2 415—326 | 
Moments about zero 


8,—assumed mean + first moment about assumed mean = mei? 


§,=241=3 
8= ра 8325 1.5 + (3)? = 105 


бара + 3041— 
z013x105x1.- 332405 
8= 4+4, $з— 65,2 +3 
ELA). (40.5)—6)* (10.5) + 0% 168. 
(b) For Skewness 
We are given 
115 50, 2.5, Ha. By = 1875 


B= ber- = +0,031 


* 
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skewed, i.e; it is not perfectly 


Moments and Kurtosis 


= +0.031, the distribution is slightly 


a 1815 3 


e B, is exactly three, the distribution is mesokurtic. 
EM 3.25. You are given the following values of higher moments: 


j 2243.353, pa 9.774, pa m 5508.567 
"Hie Corrected Values of each one of these, taking. into account the class 


which is 3. 
TION. б 
Ho (Corrected)— He (Urícorrected)— 2 


43355-00 


—43.353— 75—42.603. 1 
1%. pa (uncorrected) + яо‘ 


m u (Corrected) pa (Uncorrected)— 
. = 5508.561—} (43.353) + wo 
«= 5508,567—145.0885 + 2.3625 = 5365.841 


REVISIONAL PROBLEMS ^ 
326 Calculate Karl Pearson's coefficient of skewness from the following 


Wages No. of workers Wages No. of workers 
(Rs. (Rs.) 
- 10-1. 8 30-35 62 
15-20 16 35-40 32 
20-25 30 4045 АЕ ©} 
25-30 45 45-50 6 
(Ans. ]= 0.222) 


327. Examine the skewness for the following frequency distribution of blood 


8 : 
Age Frequency Age Frequency 
(in years) (in years) 
10-19 3620 60-69 1200 
20-29 7045 70-79 175 
30-39 9030 80-89 11 
40-49 5025 
50-59 2710 
(Ans. SK 0 +0.14) 


328. From the given data below calculate First artile, Third quartile and 
ейап and with their help calculate the coefficient of skewness : 


Wages No. of workers Wages No. of workers 
Rs. (Rs.) 
12.50-17.50 12 37.50-42.50 10 
17.50-22.50 16 42.50-47.50 6 
22.50-27.50 25 47.50-52.50 3 
27.50-32.50 17 52.50-57.50 1 
32,50-37.50 12 
(Aus: Qy= 21.72 
= 35.05 
227.1 


Coefficient of skewness = 0.19) 
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3.29. From the data given below calculate Karl Pearson's coefficient of sk 
ness and explain its significance : 


Wages 70-80 80-90 90-100 100-110 110-120 120-130 130-140 14 
Rs.) 


0. 0) 
А 42H 35 42 50 45 20 
(Ans : j= = .33. 


330. From the following data calculate the coefficient. of skewness ba 
the median and the quartiles and comment on your result : 


20 


° 20 65 
E qu 110 
Bote q 185 
” 230 399 


(Ans : j 10.016. 
3.31. (a) A frequency distribution gives the following results :— 

(i) Coefficient of Variation= 5 

(ii) Standard Deviation 2 

(i) Karl Pearson's Coefficient of skewness = 0.5 


Find the mode and mean of the distribution 


(Ans : теап= 40, mode d 

(b) For a distribution Bowley's coefficient of skewness is — 0.36 , 0,=86 di 
Median= 12.3. What is the quartile coefficient of dispersion ? 

C Ans : Coeff: of dispersion 0.24) — 

3.32 . The first three moments of a distribution about the value 3 of the vai 

are 2,10 and 30 respectively. Obtain the first three moments about zero. 

also that the variance of the distribution is 6. 


(Ans 
3.33, The first four moments of a distribution’ are 1, 4, 10 and 46 resp 
Compute the first four central moments and the Beta constant. Comment up 
nature of the distribution. " 1 
(Aus: O, i 3, ш 0, pd 27, В,=0, Bg 3) 
3.34. You are. given the following information i 


kx 
x 

a 1 49-50 S 
"en : 30-51 19 
4344 A 51-52 14 
2 52-53 6 
45-46 ИЯ 33-54 4 
4647 38 vis 2 
47-48 52 

48-49 40 


Calculate the first four moment. 
moments about the mean and calculate B, ond Re Comert these results d 


(Ans f 5, p m 1145, В,= 334) 


| Correlation 4 


Two variables are said to be correlated when the movements or changes in one 
are followed directly or indirectly Бу movements or changes in the other and when 
the greater the magnitude of change in one, the greater it is in the other, also. 


In the present chapter we have solved questions on correlation by Karl 
Pearson's formula, which is in popular use. First few questions deal with a study 
of correlation in two series of individual observations. After this we have solved 
questions relating to continuous series or grouped data. Some questions have also 
been solved by the Rank Correlation method and by the Method of Concurrent 
Deviations and in the end there are some questions relating to correlation of short 
time and long time fluctuations. 


PROBLEM 4.1. Find out the correlation co-efficient between heights of father 
and son from the following data :— 


Height of father 165 166 167 167 168 169 170 172 
) in centimetres 

Height of son in 167 is 383. IB) 1220] HE 169 2E 

centimetrés 


© SOLUTION: Calculation of correlation co-efficient between heights of father 
n. 


Height of | Deviation| Square of| Height of | Deviation 
father in from aver- | deviation son in |from aver- 


Square of 


deviation | deviations 


waoworanak 


mz 
352, 8 


Average height of father == ‚м rm UR ln 


Average height of son = Im BE = 169 


Applying to the above data, the Karl Pearson's formula, 
) Ta ty = Zx E C 
похоу j= Eg Mig 
X |n 
n 


160 Practical Problems in Statistics 


Where r stands for co-efficient of correlation and other symbols. are the sam 
things as in previous chapters. 
We get, E 


ra 24 ы 
ОЛИ н; 


Thus the correlation co-efficient between heights of father and son is 4.603. 
The question can be done in the following manner also :— 


Calculation of the co-efficient of correlation between the heights of father 


Square of the Square of the 
height of height of 


Substituting the above values in the formula 
Z (xy)—Tx. Ty]N. 
( )—13*|N) 2 Q9) — Ty*|[N 
Where r stands for co-efficient of correlation 
Z xy stands for the total of the product of item in the two series 
Tx and Ty stand for the totals of x and y series respectively 
Zx? and Z y? stand for the total of the squares of item in x and y * 
respectively and 
N stands for the number of items paired. 
r= 227160—1344 x 1352/8 


/ (225828 — (1344)38)(228532 —(1352)2/8) 


r 


= mne-xmé ____ 
A (225828— у (228532— ) 
га 
x44 
==+.603 
bs PROBLEM 4.2. Compute the co-efficient of correlation from the Jo 
x 1200 —1000 — 800 — 400 1200 1400 — 600 


у —3600 3300 240 1200 —3600 —2100 1800 
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* Calculation of the co-efficient of correlation between X and Y 


6 
328 Square of | Product of 
SES deviations | deviations 
888 8 

(х) 


1000000 3000 2700 7290000 

2x=0| Zi? Уту | Ху=0 Ey 
80,00,000| ^ 2,400 5,99,40,000 

Substituting the above values in the Karl Pearson's formula 


Z xy 
r= a 
м Xxx Xyf where r represents the co-efficient of correlation 


2 ху — 
2,13,60,000 


We get, 
— ЫЕ 
4//8000000 X 59940000 _ 
= от SOE 
10000 7300 x 3994 
E 
755700 
2136 
2189.8 
к=—.975 
dij E ROBLEM 443. The following data give the index numbers of industrial pro- 


п Qf a country and the number of registered unemployed persons hE sume 
Country during the years 1964—71. dos 


Industrial Production 
(index Number) 


r= 


Number of registered Unemployed 


(Hundred thousand) 


гу " how 
Bremia lare the co-efficient of correlation between production and the number of 


F.H 
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SOLUTION. Calculation of the co-efficient of correlation between pre 


tion and the number of unemployed. 
Number of registered 
unemployed 


Industrial Production 


os 
Deviation | © 2 Deviation 
from as. 3 2 from as. 
av. (105) 23 av. (14.0) 
x2 


Applying to the above data, the Karl Pearson’s formula, 
2-02: ; (29 
п л 


2 za (= — . (y 


We get, 
—146.7—8 oe (A2 .8 
8 


T = 5 20416 f 68 
CLEA 


= —146.74-11.05 


8 V 23.98 х 24.8 


__—13565 
= 344 


—135.65 
195.2 


==—.695 


Thus, the co-efficient of ber 
Rettig „кесе correlation between production and the пит! 
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PROBLEM. 4.4. The following table gives the value of exports of raw cotton 
Srom India and the value of the imports of manufactured cotton goods into India during 
the years 1953—54 to 1971—72 :— 

(In crores of rupees) 


Imports of manufactured 


Year Exports of Raw Cotton cotton goods 
1953—54 42 56 
1957—58 44 49 
1959—60 58 53 
1961—62 55 58 
1963—64 89 65 
1969—70 98 76 
1971—72 66 58 


Calculate the co-efficient of correlation between the pee a the exports of raw 
cotton and the value of the imports of cotton manufactured g 


SOLUTION. Calculation of the co-efficient of correlation between the value 
E exports of raw cotton and the value of the imports of cotton manufactured 
S. 


Year Deviation | Square of 


from as. av. | deviation 
(58) 


Product of de- 
viations 


> 
m 
= 


(x*) 


1953—54 

1957—58 126 
1959—60 0 
1961—62 0 
1963—64 217 
1969—70 720 
1971—72 0 


Applying to the above data, the Karl Pearson's formula— 


29-025) (2) 


JE (RN y JÆ PEAN РУ 2) 
E 1095-7) +) (+) 


LH [F-GY 
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...1095— 59.14 
7/397. 10X67. 35 


__ 1035.86 
~~ 7x163.66 


1035.86 
— 1456 


— 904 


Thus, the co-efficient of correlation between the value of the exports of raw 
cotton and the value of the imports of cotton manufactured goods is+.904. 


PROBLEM 4.5. Calculate the co-efficient of correlation between cotton cloth 
manufactures and woollen manufactures from the following data for July 1971 t0 


June 1972. 
Index of Industrial Production 
Cotton Manufactures 


(Base 1966=100) 
Woollen Manufactures 


July 
August 63 
September 63 
October 62 
November 69 
December 61 

“January 57 
February 55 
March 47 
April 


SOLUTION. Calculation of the co-efficient of correlation between cotton 
manufactures and woollen manutactures. 


April 


February 
March | 
3 | 

ў 

i 
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Co- efficient of correlation or 


2025) (22) 
ESET 


— Multiplying both numerator and denominator by *n' we get 
_ ®хухп—(®ху(® у) 
AXxtXn—(Xx)*/ 27у хп—(2у) 
312x 12—(96X 84) 
. 7 
A/ID8X12—96€  4/1380X12—(84) 
3744— 8064 
320 


— 4320 


4/ 4320X9504 


—4320 


—4320 


65.73 х 91.49 6407.04 
— 67 
PROBLEM 4. 6. Calculate the co-efficient of correlation between the d 
У given below :— | 


x y 

78 125 
89 137 
97 156 
69 112 
59 107 
79 136 
68 123 
61 108 


М (You may use 69 as working mean for x and 112 as that for y) 
SOLUTION. Calcutation of co-efficient of correlation between X and y. 


Dev. from 
о? 


Dev. from 
as. av. (112) 


as. av. (69 
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Zo (=) Cm) 
n pam Б ) 407) 


48 108 
2260808 ) => 
22 ы 05 0 

1530 /48 \2 H 


— 4 — 


r= 


Multiplying both the numerator and denominator by л (8), 
2160x 8—(48 X108) 
56. ——— 
V1530X8—(48)2 4/3468 x 8—(108)2 


17280—5184 


v 9936 ж 16080 


12096 
= ͤ——ĩ—2—X————— 
V 9956 X T6080 
—Anti log [log 12096—4 (log 9936+ log 16080)] 
=Anti log [4.0828—3 (3.99744-4.2068)] 
=Anti log [4.0828—4 (8.2042)] 
=Anti log (4.0828 —4.1021) 
=Anti log 1.9807 
=+.9566 


PROBLEM 4. 7. Calculate the co-efficient of correlation between infant morta- | 
lity and overcrowding from the following data~ | 
Infant mortality 109 122 96 142 151 124 125 102 109 156 122 
Percentage of 
population over- 14.9 63 58 12.2 3.32 13.3 146 88 49 398 63 
crowded 


SOLUTION. Calculation of the 
mortality and overcrowding. 


we get, 


co-efficient of correlation between infant 


Correlation 


Applying to the above data, the Karl Pearson's formula, 


)24( (ے )سود 
ENSEM‏ 
й =a (Ey S (227):‏ 

18862—11 (--) Gu 


[ECT ES [EET (A 


1886.2 x 11—16х 50.1 


у 3821x11—(16). у 1359.65 x 11—(50.1)* 


20748.2—801.6 


____ Ыы л - 
\/12064—256 \/17156.15—2510.01 
19946.6 19946.6 
ö X T6614 — 24745.2 =r 
Or=Anti-log [log 19946.6—1 (log 41808-+log 14646.14)] 
—JAnti-log [4.2989—4 (4.6212-1-4.1644)] 


= 
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Anti- los [4.29893 (8.785 „Ж 
Lu 1429093 (520391 А 
5 1.9061 E 
=+. 
Thus-the co-efficient of correlation between infant mortality and о 
is4-.8056. 


PROBLEM 48. Calculate the co-efficient of correlation from the fol 
table, and interpret 1t. 


prd No. Lakhs of b 

0) labourers consumed 

Year (in thousands) mills 
1965 368 22 
1966 384 21 
1967 385 24 
1968 361 20 
1969 347 22 
1970. 384 26 
1971 395 26 
1972 403 29 
1973 400 28 

n 1974 385 27 


“ber o OLUTION. che dale on of the co-efficient of correlation between the 


Taw material consumed by the mills. 


400 
25 
*. 
2830 
Applying to the above data, the Karl Pearson's formula 
29-(2:) (22) 
=з 


5 
Py Pay 
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we get, 


12 —5 
aem (8) (= 


390 x 10—(12 x—5) 


— 
4/2830 x 10—(12)* A/31 х10—(—5)% 
3900 4-60 


— 


4/28300.—144 910—25 


3960 


4/ 28156x 885 


—Anti-log [(log 3960—4 (log 28156--log 885)] 
Anti og [3:5977—1 (4.4502-1-2.9469)] 
—Anti-log {(3.5977—4 (7.3971)] 
—Anti-log [(3.5977—3.6985)] 
=Anti-log 1.8992 
=+.7929 
There is a high degree of positive correlation between the number of labourers 


en ane the number of bales consumed which means that with an increase in 
„ышы of persons employed the consumption of bales increases and vice 


r= 


- PROBLEM 49. Calculate т from the following table, and indicate its probable 


Average 211 


area SOLUTION. Calculation of the co-efficient of correlation between the net 
Own and the number of ploughs used in different states of India. 
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Net area sown No. of ploughs 


Substituting the above values in the Karl Pearson's formula 
22 Ху 
Zo-( 4) Gr) 


— TA 


n 


--15582—10 (Gr) Ge 


O — e 
128912 —4 \? 1 2 3 
10 0 — =r) EE 


15582 x 10—(—4 x —5) 
= — 3333 


V TxA / Sj 


We get r = 


— = — 
У 1289120—16 10—25 
155800 
v 1289104 30885 


Anti log [log. 155800 —3 (Jog. 1289104-+-log. 30885) 
Anti log [5.1931—3 (6.1 106 ＋4. 400% 

Anti log (5.1931—4 (10.6006 

Anti log [5.1931——$.3003)] 

= Anti log 7.8928 

z-]-.78 
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Probable error of the co-efficient of correlation 


1—r? 
РЕ. —645——————— 
n 

1—(.78)? 
=.6745 

1—.6084 
674. 

3.162 

0835 


| PROBLEM4.10. The following table gives the results of the Matriculation 


examination held in 1972 :— 

Age of 

Cumddetes 13— 14— 15— 16— 17 18> == + 
Percentage of 

failures 39.2 406 434 342 366 392 489 47.1 54.5 


" Calculate the co-efficient of correlalion and estimate its probable error., From 
our results can you definitely assert that failure is correlated with age ? . 


of correlation between the age 


SOLU Я i he co-efficient 
TION. Calculation of the cane ve failures. 


Df the candidates for the Matriculation examination an 


Ag in years Deviation 

from the | Square of | Percen- 
deviation | tage deviation 
(xy) 


оь о һо 5 


е 
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Substituting the above values in the Karl Pearson's formula 


P unl E ) SH ) 
Т FTE) 


„07р GE 
96.7х9—(0х23.7) 


— 


60х9—( 398.27 x6—(23.7)* 
870.3 


= ——————— 
У 540 — 4/3584.43—561.69 


8703 


Y 340 x 3022.74 
=Anti log flog 870.3 340-+-log 3022.74] 
=Anti log 25259 4 400 
Anti log Bes? (6.2124) 
Anti log 2.335 5.1012] 
= Anti log .8323 
=+.6797 or 4-.680 


Probable Error of the co-efficiént of correlation 


1- 1—(.680)? 
PE =6745( es VS 
= 2 
Thus, the co-efficient of со ad 


* 1l 8 


4 1 "relation. between the age of candidates 
percentage of failures is +-.680 and its probable error is .12. 
ignig О cient of correlation is moderately high butthe probable b 
Significant. Since the co-efficient of Correlation is less than 6 times probal 
it cannot be definitely asserted that failure is correlated with age. 

PROBLEM. 4.11. The index num 


ber of prices ll commodities in 
and in Calcutta were as under —. / peces of a 

Index number of Index number of 
Month commodity price commodity prices 

in Calcutta in Bombay 

May 1972 169 204 
June 1972 182 222 
July 1972 182 225 


| 
| 
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1972 198 229 
1972 209 233 
1972 227 249 
1972 238 

1973 250 255 
1973 253 255 


you think prices in Bombay and in Calcutta are correlated ? 
ON. Calculation of the co-efficient of correlation between Calcutta. 
Index number of commodity prices. 


Index number of 
commodity prices in 
Calcutta 


Deviation | Square 
number| from the| of 


won) (8) 


8250 10 3828 а 
10 10 10 39 
4957—16 
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4881 


104/824 x 325 


4881 


104/824 x 325 
=.944 
= Anti log [log 4881 —3(log 824--log 32501 
Anti log [2.6884—3(2.9159-1-2.5119)] 
—Anti log [2.6884—2.7139] 
Anti log 1.9745 
= .9441 or .944 
PROBLEM 4.2, The following table qne the distribution of the total 


dation and those who are wholly or partially blind among them. Find out if 
any relation between age and blindness :— 


Age No. of persons in thousands Blind 
100 23) 


Deviation | Square of 
from the | Deviation 


400 
900 


500 
— 
4400 
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Applying to the above data, the Karl Pearson's formula 
Zx Zy 
Zo) GE) 


E eru 


= 


Г] 
We get, 


23080—8 ( =) (€) 


r= 
2 
2 (T зү 
Ri 8 -( co 8 -( 8 ) 
І = 23080-+ 15 І 
| уто) 
"UM LI ЭН 
4/538 4/1259400—9 
^r i! 23095 
525x 1259391 - 
= Anti log [log 23095 —4 (log 525-+log 1259391)] 
Anti log [4.3636—+ (2.7202--6.1004)] 
Anti log [4.3636— 4.4103] 
=Anti log 1,9533 
=+ .898. 
with There is a definite relationship between age and blindness. Blindness increases 
ith increase in age. 


PROBLEM 4.13. The following marks were obtained by 12 students in Mathe- 
matics and Statistics, 


Students Mathematics Statistics 
A 22 
B 2 25 
с 56 34 
E 59 28 
E $0 26 
Г 62 x 
ól 
H 65 30 
1 67 2% 
1 71 34 
k a 36 
L 74 40 


M ind the co-efficient of correlation between the performance of the students in 
matics and Statistics, as determined by these data. 
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SOLUTION. Calculation of the co-efficient of correlation between the perfor 
mance of students in Mathematics and Statistics. 


Marks in Mathematics Marks in Statistics 


Marks of | Deviations 
each stu- |from Assum- 
dent in | ed Average 

Statistics (30) 


Applying to the above data, the Karl Pearson's formula 
EE) (En) 
Е Qe) Jey 
„329—2 (h) (в) 
m GY fe Gy 
+ 324%12—(6 х 5) 


"= VRP VBS 


3888—30 


Anti log [log 3858—4 (log-7140-Llog 3395)] 
rz Anti log [3.5864—3 (3.8537+-3.5308)) 


Correlation 177 
3 


Anti tog [3.5864—]4 (7.3845) 
„Anti log [3.5864— 3.6922] 
r—Anti log 1.8942 
. 783. 
` PROBLEM 4:14 Find the co-efficient of correlation from the following table: 
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Applying to the above data, Karl Pearson's formula 


ae (285) (24) 
— 
— 356—500 $9) ( ) 


741 FE ity. 497 053 ү 
so of 50 /ж ~ m) 
8 RN dm а 
VAI 500—(—57)# 4/497 х 500— (53) |; 
—4178000--302* 
-/310300—3249 4/248500—2809. 


174919 


4/361251—245691 


Anti- log [log 174979—4 (log 367251--log 245691 J 
=Anti-log [5,2430—3 (5. 5649.5. 3909) 
=Anti-log [5.2430-—5.4779] 
=Anti-log 1.765 
=+.5822 Б 
Thus, the co-efficient of correlation between X and Y is + .5822. 
PROBLEM 4.15. Calculate the co-efficient of correlation between tne ages! 
100 mothers and daughters from the following data : 
Age of daughters in years 


Age of 
mother in 
years 
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SOLUTION. Calculation of the co-efficient of correlation between the ages 


БЕ 
2.5 |17.5 
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Substituting the above values in the Pearsen's formula 
Е 
— . ЗЛИ ОЛЕШЕ LI 


We get, 


Co ) ( io ) 
0% (= 


98 x 100(—8x —8) 
VI 100—(—8* 4/122x 100 ——8) 


12200—64 


9736 
ei ONS 
==+.802 


Thus the co-efficient of correlation between the ages of mothers and daughte 
is 4-.802. 


PROBLEM 4.16 The following table gives the number of students 
different heights and weights. Ay 


Weight in EXE 


3 5 
2 4 4 
1 5 7 
us 3 3 
4 15 


Do you find any relation between necs and weight ? 
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SOLUTION. Calculation of the co-efficient of correlation between the 
heights and weights of the students. 


Weight in kilograms 


Height in 
cent imetres 


g 
È 


Substituting the above values in the Pearson's formula 
Zfdxdy—n Zfdx Ih ) 
n 


31—100 (-) 100 


r 


We 
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31x100—37x 57 


rs 
4/1233x100—(7? үу 133 X 100—{(57)? 
991 


-——— ——— 
У 10931 X 10051 
= Anti log [ log 991} (log 10931 + log 10051)] 
= 4.0945. 
The co-efficient of correlation between height and weight is +.0945 
indicates that there is no relationship between the two phenomena. 
PROBLEM 4-17 The following table gives the frequency according 
groups of marks obtained by 67 students in an intelligence test :— р 


* 


Age in years 


Test marks 18 19 20 21 Total 
200—250 4 4 2 1 1 
250—300 3 5. 4 2 14 
300—350 2 6 8 5 21 
350—400 1 4 6 10 21 
Total 10 19 20 18 67 


Is there any relationship between age ahd intelligence ? 


. . SOLUTION. Calculation of the co-efficient of correlation between age ã 
intelligence. 


| 
ARAME 
E 
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Substituting the above values in the Pearson's formula. 


zio = e ) 


П nee оа 
Рес 
35—67 + y( т) 


Sy Fe) 


35x67—(—21 x—15) 


— Se 
— — 
МТТ A/19X61—(—15)* 
2030 


A/4718x 5068 | 
= Anti log [log. 2030— (log 4718 + log 5068)] 
=+.415 
The co-efficient of correlation indicates a moderate degree of relationship 


between age and intelligence. Since the co-efficient of correlation is positive it 
Means that intelligence increases with an increase in age. 


PROBLEM 4.18 Calculate from the data reproduced below pertaining to 66 


s elected villages in Meerut District, the value of r between «total cultivable area and 
the area under wheat." 


Total Cultivable Area (in Acres) 


Area under wheat 


(in Acres) 
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184 


correlation between total ay 


. Calculation of co-efficient of 


SOLUTION 
and area under wheat, 


Total Cultivable Area (in Acres) 


Ed 


à 


8 
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Substituting the above values in the Pearson’s formula 


Zfdxdy—n (A ( EU 


r= 
—————Ó 
za ( 2 nex БЛ T 
n n "n n mr 
—41 —$3 
— 460 
r= 


Lo Se 
puc IA 
66 66 766 66 ( [38 


91x:66—(—41 х—53) 


E 
V/109 x66 1 V 115 X66753) 


6006—2173 
a ————— 
A/Ti94—1681 V 7590—2809 
= - Л46. 


‘total cultivable area’ and ‘the 


Thus the co-efficient of correlation between 


area under wheat’ is-]-.746. 


PROBLEM 4.19 The correlation table given below shows the ages of hus- 


band and wife for 53 married couples living loge 
Calculate the co-efficient of. correlation 
wife. 


ther on the census night of 1971. 


between the age of husband and that of his 


Age of wife 
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jon between the 


1 


Age of wife 


i 


alii Ls ааа ат 
ae 
= © ~ 
14 ا213‎ | | 
لاا ا‎ 
E 


SOLUTION. Calculation of the co-efficient of correlat 


of husband and that of his wife, 


— 
S|. 
FT 
| 
вре 
چ‎ |i 
2) om. 
— — 
х. 3|: 
j 
ч — 
— ! 
s Me 
ШЕ 
= 
S E1 


r= 
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We get, 


ESO) 
4 


e M— EE 

I 92; — Ы 

53 (s 53 ) 53 53 ) 
86 x 53—10x 16 


SS eS 
1/98 х 532— (10€ \/92х 53—(16)# 


4558—160 
— шы 
5194—100 ү 4876—256 
4398 
у/5094 x 4620 


= Anti log Пов 4398—} (log 5094 + log 46200 
= Anti log [3.6434—4 (3.7070 + 3.6646)] 
= Anti log [3.6434—1 (7.3716)] 
z Anti log [3.6435—3.6858] 
= Anti log 1.9577 
= +.9072 
= +`907 
. Thus the со-ећсіепі of correlation between the age of husband and that of 
his wife is 4-.907. 


PROBLEM 4.20 Compute the co-efficient of correlation from the following 
table, showing the age in years of the students ‘and the marks obtained. 


2 7% f Total of 
yas |.—22 —. frequencies 
з Bn же | for x series 


y Series 
Marks 
4 


Total о, 
и 
for y series 


1 
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SOLUTION. Calculation of the co-efficient of correlation between PT 
intelligence. 


Substituting the above values in the Pearson’ з formula 
Го ( X 2 ) 


FRY =e 


Correlation 189 
p EXC 15 
16—52 (2 ) 52 
ra - 
ү 6 _(—16 ) 
2N 52 52 
16x 52—(—16 x 15) 
f= 
V66x52—(— 16) 93 х 52—(15) 


8324+240 
"упо унон 
1072 
f F 


= Anti log [log 1072—} (log 3176--log 4611)] 
= Anti log [3.0302—4 (3.5019--3.6638)] 

= Anti log [3.0302—4 (7.1657)] 

= Anti log (3.0302—3.5828) 

z Anti log 1.4474 

= -4.2802 

428 


Thus the co-efficient of correlation between the age of the students and the 
marks obtained bv them is + .28. 


LJ PROBLEM 421 From the following table calculate the co-efficient ор 
‘Correlation between the ages of fathers and sons and estimate the probable error of 
‘the result obtained. 


Age of Fathers Age of Sons 
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SOLUTION. Calculation of the co-efficient of correlation between 
fathers and sons. 


SE? of EN 
Age of 
м, Er 
8 2595 3 fay fd 
ds 


44 24 [+40 

ec ee 
кы NM mn 
ELE IER HE 
ШЕШШ 8 
ZIEL 


a+ 
Pet | | 
isi 
eS ae nm 


Substituting the above values in the Pearson's formula 


— C) 
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where r represents the co-efficient of correlation 
we get, 


—41 —62 
1051—300 =a) (S) 


r= 


1553 4 —421 N? 1214 


1051 x 300—421 x 62 


... C o o 
— 
4/1553 x 300—(—421)# 4/1214 x 300—(—62)* 


315300—26102 


a S pp 
4//465900—177241 4//364200— 3844 


289198 


..... с 
\/ 288659 x 360356 
= Anti log [log 289198 —1 (log 288659-Hog 360356)] 
= Anti log [5.4611— (5.46044-5.5567)] 
Anti log [5.4611 (11.0171)] 
= Anti log [5.4611— 5.5085] 
= Anti log. 1.9526 
= +.8966 
Probable Error of the Co-efficient of Correlation 
1—r? 
Р. E. = 6745. 


n 
1—(.896)* 
— 

„ 300 

1—.80 
2.6745 79 
_ .6745x.2 
17.32 
= ,007789 : 
Thus the co-efficient of correlation between the ages of father and son is 
+.895 and its probable error is. 007789. и 
PROBLEM 422 Calculate ғ between Production of Pig Iron and Industrial 
Production from the following table :— 


2.6745 


Industrial Production | 


©61 


SOLUTION. 


Calculation of the co-efficient of correlation between production of Pig Iron and Р BE 


Pig Iron Production (percentage of trend) 


Production 


Group AC 
120—130 +30] +3 15 |+45 


SOHSHDIS Ut Suo]Qo4q [ong 


u011D[24407) 


61 
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Substituting tne above values in the Pearson's formula 


Zfixa, (Z) (2) 


We get, 101 101 
556—2041 z7 | ( 204 


г= — 
/ 563 _ 7 101 y R 581 (3 
204% 2% ( % 204 V 204 
556 x 204—101 x 101 


М/563х204—(101)# S81 x 204101) 


113424—10201 


V114852—10201 / 11852410201 


103223 


*V/104651— 108323 


= Anti log [log 103223—1(log 104651 Tlog 108323) 
= Anti log [5.0136—] (5.0195 + 5.0346] 

= Anti log |5.0128—1 (10.0541 Л 

= Anti log [5.01 28—5.0271] 

= Anti log 1.9857 

= 4.9677. 


Thus, the co-efficient of correlation betw i i n and 
Industrial Production is + .9677, ony oe iof Pig ШО 


PROBLEM 4.23. Calculate the co-e icient of correlation from the follo! 
duta by the method of rank differences. m eo ? 


x— 75, 88, 95, 70, 60, 80, 81, 50 
»—120, 134, 150, 115, 110, 140, 142, 100 


SOLUTION. Calculation of co-efficient of correlation by the method d 
rank differences. 


Rank 
differences 


Correlation 195 
SED „|_ 
«е 90—17) - 
اھ‎ 3E =+.93 


Note. In this method the biggest item реў the first rank, the next biggest 
pond rank and so on. 


EODEM 4.24 Calculate the co-efficient of rank correlation of the follo- 
ta :— 


Coefficient of correlation or r  1— 


х— 87, 22, , , 037: 
y— 29, 63, 52, 46, 48. 
SOLUTION. Calculation of the co-efficient of Rank Correlation. 


id This shows an absolute Negative Correlation, or perfect inverse 


3 4.25 Calculate the rank co-efficient of correlation of the 
lat 


х— 80, 78, 75, 75, 68, 67, 60, 59. 
J— 12, 13, 14, 14, 14, 16, 15, 17. 
—SOLUTION. Calculation of the Rank Co-efficient of Correlation. 


о o‏ ما ۹ لد من 
чл‏ 
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2 
Co-efficient of correlation or n= 1— aa 


=—.898 


Note. If two or more items have an equal value then their ranks 
average of the ranks they would have received had they differed y 
Thus, as above in x series 2 items are tied for 3rd rank then the rank we 


3*4 0535 and the next item would have rank of 5, Similarly, iny serit 


are 3 ties for 4th rank. The rank of all these items would be—$, andi 
item would have a rank of 7. | 


PROBLEM 4.26 Теп competitors in а beauty contest are ranked Û 
judges in the following order : | 


First Judge— 1, 6, 5, I0, 3, QW. 9 7, 18, | 
Second Judge—3, „ 6, F. 7, 10, 2, J, 6, 9, 
Third Judge— 6, 1 7 


Use the rank correlation ¢o-efficient to discuss which pair of judges hi 
nearest approach to common tastes in beauty. 


SOLUTION. We shall calculate the co-efficient of correlation betw 
ranking of | 
(a) First and Second Judge. | 

| 


(b) First and Third Judge. 
(c) Second and Third Judge. 


ПЕШЕНЕНЕ? 
MILIA | 

+6 Я 

36 | 


epe P ЫЕ ШШЕ) 
Lal 1| o| sf 16| ө] 


(a) 
First Judge 
Ranks 


Second Judge 
Ranks 
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(ds) 


n(n* — 
6x60 
— io(102- 1) 


ient of correlation or r—1— 


=! 


‘Go-efficient- of correlation or r—1 


10.1) 


i 6x214 
== W 


=—.29 
Jus, we find that the first and the third Judges have highest similarity of 
and have the nearest approach to common tastes in beauty. 


M 4.27 Calculate the co-efficient of concurrent deviations from the 


or number of Pairs of observations =96 
Cor number of pairs of concurrent 
deviations ^— —32 
LUTION. Substituting the given values in the formula :— 


where r represents the co-efficient of correlation, 
п, the number of pairs of observations, 
and c, the number of concurrent deviations. 


us the co-efficient of concurrent deviations of the given data is — 574 
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PROBLEM 423 Calculate the co-efficient of concurrent deviations fn 
data given below: 


Year Supply Price 
1963 160 292 
1964 164 280 | 
1965 172 260 | 
1966 182 234 
1967 166 266 
1968 170 254 
1969 178 230 
1970 192 190 
1971 186 200 


SOLUTION. Computation of co-efficient of concurrent deviati 


Supply and Price. 


Year 
Deviation Deviation 
Index of | from preced. from prece- 
Supply ing year ding year 
(х) [62] 


ITT EFEF 


n=8, since only the years 1964 to 1971 can bé used in 

co-efficient. 

c=, since there are no pairs having like signs. 
Substituting the above in the formula 

( =") 

r= Ea 
where r represents the co-efficient of concurrent deviations 
we get, 


0—8 
r= «( т) 
— 
к=—1. 


ice Ў. 
Thus, as the co-efficient of correlation between supply and price 
of concurrent deviations is—1 which indicates that there is perfect 
relation between the two. c - 
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1 PROBLEM 429 Compute the co-efficient of correlation of the following 
table, (by the method of concurrent deviations) relating to the marks obtained by 12 
students in History and Geography respectively. 


Student Marks in History Marks in Geography 
А 65 30 
B 40 55 
C 35 68 
D 75 28 
E 63 76 
F 80 25 
G 35 80 
H 20 85 
I 85 20 
J 65 35 
K 55 45 
L 33 65 


E SOLUTION. Computation of the co-efficient of Concurrent Deviation 
Mun the marks in History and Geography by the method of concurrent 


Student 
Deviation Deviation 
from preced- from preced- 
ing student ing student 
(x) (у) 


tp “rO HOO 
н FEET I 
UY Ve Ld 


+++ [4+] +] ++ 


Number of pairs of observations or п=11 
Number of concurrent deviations or с=0 
Substituting the above valucs in the formula 


ret ei 


Where r represents the co-efficient of correlation 
We get, 


ret JC) 


Y 
— 


eres the co-efficient of correlation between the marks of 12 students in 
correlation’ Geography is—1, which indicates that there is perfect inverse 
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PROBLEM 430 Compute the co-efficient of correlation, by 


deviation method of the following table relating to the average number of 
daily in thousands and the average number of bales consumed daily in la 


SOLUTION. Computation of the co-efficient of correlation be 
average number of employed daily and the average number of bales c 
daily by means of Concurrent Deviations. 


the 


Deviation from 


1 Number | Deviation fro 
Quarters preceding of bales preceding 
quarter in lakhs quarter 


(x) [62] 


Ft - 


1970 


"EXT 


ЮТ 


Number of pairs of observations or 
Number of concurrent deviations or 
Substituting the above values in the fo 


ENE) 


where r represents the co-efficient of correlation, 


c=10 
rmula 


we get, 
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Thus, the co-efficient of correlation between the average number of employed 
daily and the average number of bales consumed daily is--1, which indicates 
that there is perfect positive correlation between the two, 


PROBLEM 4.31 Compute the co-efficient of concurrent deviations from the 
following table, showing the output of steel in tons and the number of unemployed 
persons in steel industry in thousands for 12 months. 


Output of Unemployed in 
steel in(ooo's) Steel Industry 
Months Tons (000's) 


January 8.5 

February 9.2 65 
March 9.3 61 
April 8.5 74 
May 7.2 92 
June 5.9 157 
July 5.1 130 
August 6.6 106 
September 7.9 38 
October 7.6 80 
November 8.2 50 
December 9.3 45 


SOLUTION. Computation of the co-efficient of correlation between the 


Output of steel and the number of unemployed persons in steel industry by means 
of concurrent deviations 


Output of steel 


Deviation from 
preceding 
month 
(x) wy) 


Months Product 


4+ 


ооо бо‏ یر AY ta‏ لے ی مم 


ос — iot D‏ ن بخ 
Fit Diels‏ 


++ FELL 
КЕККЕ el TER 


© 
[n 


Number of pairs of observations Or 7 
Number of concurrent deviations or с=2 
Substituting the above values in the formula 


xf] CR): 


Where r represents the co-efficient of correlation 


We get, 


S | И) E) 
= у—(—6364) 


——V 6364 
= Л98 
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Thus, the co-efficient of correlation between the output of steeland 
number of unemployed persons in steel industry is—.798, which indicates 
there is a high degree cf inverse correlation between the two. ' 


PROBLEM 4.32 Obtain the co-efficient of correlation between price of ria. 
and rainfall from the data given below by means Of concurrent deviations;— 


Price of rice in Rs. Annual Rainfall 
Year per quintal in centimetres 
1959 175.00 315 
1960 160.00 340 
1961 158.00 350 
1962 200.00 350 
1963 198.00 33 
1964 195.00 3. 
1965 196.00 3. 
1966 190.00 3. 
1967 191.00 390 
1968 195.00 340 
1969 196.00 380 
1970 204.00 340 


SOLUTION. Calculation of the co-efficient of correlation between prise 


rice and rainfall by means of concurrent deviations. 
1 


Annual Rainfall 


i Rainfall Deviation from 
per preceding year inches preceding year 
quintal (x) [62) 


++ 1+] | 


I+ [+144] er 


+ 


Number of pairs of observations or — n—11 
[ umber of concurrent deviations or وڪ“‎ 
Substituting the above values in the formula 

2c— 
r=+, (25) 


where r represents the co-efficient of correlation 
We get, 


— 0$ 


=—.3 
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Thus, the co-efficient of correlation between the price of rice and rainfall 


PROBLEM 4.33 Compute the co-efficient of correlation of the short-time 
lations from the following ignoring decimals. 


Year Supply Price 
1961 80 146 
1962 82 140 
1963 86 1. 
1964 91 117 
1965 83 133 
1966 85 127 
1967 89 115 
1968 96 

1969 93 100 


SOLUTION. Computation of co-efficient of correlation of short-time osci- 
"Mations between supply and price. 


Supply 


moving 

average 
Deviation 
from mov- 
ing average 
Deviation 
„from mov- 
ing average 


Three year 


Substituting the above values in Pearson's modified formula 
a Ixy 
у Exx Xy A 
where r represents the co-efficient of correlation 
We get, 


==—.99 
ж Thus the co-efficient of correlation of short-time oscillations between supply 
ала price is —.99, 
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PROBLEM 4.34 
for Calcutta and Kanpur 


The following table gives the wholesale price index numl 
for the period 1957-71 : 


Calculate the co-efficient of correlation of the short-time oscillations Беги п 
the above time indices taking о, five-yearly mo ving average and ignoring decimals. 


SOLUTION. Calculation of the co-efficient of correlation of shor : 
oscillations between the Calcutta and the Kaapur Index Numbers. 


Calcutta Index Numbers Kaapur Index Numbers 
base : July, 1950 base : July, 1950 


Deviation 
from 
moving av. 
Deviation 
from 
moving av 


Id Lit 
оол шос ос 


Number of pairs of observations or —1] since only t 959-1969 
ficient. , only the years 1 


can be used in computing the 
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Substituting the above values in the Pearson's modified formula 
Zxy 
1 —— 
VESTES 
where r represents the co-efficient of correlation 
we get, 
325 
— 
V 414-329 
Anti log [log 325—} (log 414 + log 329)] 
Anti log [2.5119—1 (2:61 70 + 2.5172)) 
Anti log [2.5119—4 (5.1342)] 
Anti log [2.5119—3.5671] 
=Anti log 1.9448 
= + .8806 
PROBLEM 4.35 Compute the co-efficient of correlation of the short-time 
oscillations between the cost of living and the weekly wage rates from the following 


data : 
Date Cost of living Index of weekly 
Index wages rates 
1960 151 155 
1961 110 120 
1962 102 99 
1963 101 98 
1964 103 101 
1965 100 101 
1966 100 102 
1967 96 100 
1968 95 99 
1969 95 99 
1970 87 98 
1971 84 96 
1972 81 94 


(Assume a five-year cycle, and ignore decimals) f Ma: 
SOLUTION. Computation of the co-efficient of short-time oscillations 
between the cost of living and the weckly wage rates. 


Date 


Deviation 


from mov- 
ing average 


Deviation 
age 


from mov- 


ing average 
5 yearly 
moving aver- 


— 


1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 


+! | 

— 

+++ || 

bua o i D жа AON 


| + 
++ | 


+{ 
сюе‏ دد O‏ ج س 
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Number of pairs of observations n—9 
Substituting the above values in the Pearson's modified formula 


Zxy 
r= 
ухх Ху? 


where r represents the co-efficient of correlation. 


we get, 
194 
"€ 
У 148 х 298 


194 


194 
210 
=+.9238. 


Thus the co-efficient of correlation of short-time oscillations between the 
cost of living and the weekly wage rates is4-.9238, 
PROBLEM 4.36 Compute the co-efficient of correlation of short-time — 


oscillations between demand and price from the following table assuming 5-yearly 
cycle and ignoring decimals. 


Year Index of demand Index of price 

1957 101 117 

1958 108 97 

1959 105 102 

1960 145 18 

1961 153 205 

1962 186 196 

1963 202 177 

1964: 207 168 à 

1965 204 177 9 
1966 198 170 ' 

1967 200 165 

1968 208 170 

1969 232 175 

1970 228 180 

1971 222 “19% 1 


(Figures in the above table are arbitrary.) 
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SOLUTION. Computation of the co-efficient of correlation of short-time 
oscillations between demand and price. 


deviation 


from 
moving av. 
Product of 


5 yearly 
moving 
average 
Deviation 
from 
moving av. 
Index of 
Price 
Deviation 


х 
MJ 
= 


Number of pairs of observations or n=11 
Substituting the above values in the formula. 


| ху 
к= 
V Ух Ху? 
where r represents the co-efficient of correlation 


We get, 


VA Aa 
=Anti log (log 148—1 (log 944. C log 4147)] 
—Anti log [2.1703—] (2.9750-+3.6177)] 
Anti log [2.1703—} (6.5927)] 
j —Anti log (2.1703 —3.2964] 
—Anti log 2.8731 
=.07480 


| 
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PROBLEM 4.37 Compute the co-efficient of correlation of short. 


oscillations between index number of Raw Cotton and Cloth from the 2 
table. 


Index Number of 
Cloth 


August 


(Figures in the above table are arbitrary) 


. SOLUTION. Computation of the co-effizient of correlation of shor (tine 
oscillations between index numbers of Raw Cotton and Cloth, 


Index number of Raw 


Index number of Cloth 
Cotton 


++] | 


+ 


+ | 
end іл 


ыш 
o- 
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of pairs of observations or n2. 
ting the above values in the formula 


рах 


© where г represents the co-efficient of correlation 
13.05 
= 


4/ 37.38 34.06 
13.05 
= 


¥ 1273.1628 
— 13.05 
35.68 
2=.366. 
the co-efficient of correlation of short-time oscillations. between index 
Raw Cotton and Cloth is .366. 


1 
REVISIONAL PROBLEMS 74 


rl Pearson's Co-efficient of correlation: 
A sample of five items is taken from the production of a firm. The 
and weight of 5 items are given below. Compute the value of Co- 


cient of correlation 
Length (centimetres) 3 4 6 (Moe 
Weigth (grams) 9 11 M uui 
(Aus. .) 


The following are the results of H.S. School examination : 


of Candi- Perc di- Percentage of 
Bis i ercentage of Age of S i ү оч 


failures 
13 39 18 39 
M 40 19 48 
15 43 20 41 
16 34 21 54 
36 , 


Calculate the value of r and its probable error 
(Ans r=+.686; Р.Е==.119) 


king Correlation : 


Following are ranks obtained by 10 students in two subjects: 
2 3 ꝶ.8f¾ % е I 10 
4 Lo E 9.553 340; 76 8 
What extent the knowledge of students in two subjects is related ? 

(Ans: r 73-758) 


Calculate the co-efficient of rank Correlation from the following data: 

48 33. 40 9 16 16 3 16 57 

B. D' „% ²DQ ͤ 
(Ans; r =+.533) 


oneurrent Correlation 
Calculate Co-efficient of correlation 
the following data: 


RM 


by concurrent deviation method 
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Year Supply Price Year Supply Price | 
1964 150 200 1968 160 190 
1965 154 180 1969 165 180 | 
1966 160 170 1970 180 172 
1967 172 160 j 
(Ans: r 3 
4.43. Ву the methods of Concurrent Deviations and Hank Corre 
calculate the Co- efficient of Correlation from the data given below: 
Serial Number „%%; ᷑ D 


Marks in Statistics 65 40 35 75 63 80 35 20 80 60 50 

Marks in Economics 60 55 50 56 30 70 40 35 80 75 80 

(Ans: r =+.6, r = 

4.44. 100 students were examined in accountancy and statistics. They y 

classified according to the marks obtained by them as is shown ial 

following table. To what extent is the knowledge of the students in the 
subjects related ? 

Marks Accountancy 
Statistics 


(Ans: r= bth 
445. Calculate the Karl Pearson's co-efficient of correlation of (ез 


term oscillations for the indices of supply and price of a certain соттой 
given below: 


Index of 
supply 
107 


1961 104 
1962 98 
1963 100 
1964 108 
1965 116 78 
1966 114 84 
1974 111 95 . га 
(Take $-yearly moving average and ignore decimals in computing 
average) 
Hint: use r—- a} (Ans: ri 
x?Xy 
4.46. From the following data compute the co-efficient of correlation be! 
x and y: x y 
Arithmetic Mean 25 18 
Square of deviations from 
arithmetic mean 136 138 / 
Summation of products of deviations of x and y series from theif 
respective means 2122 , 
No. of pairs of values i (Au 
447. Draw a scatter diagram to represent the following data: 
x 15 18 30 2 25 23 30 X 


y 7 10 17 16 12 13 9 


Also calculate the Co-efficient ion between xand? 
pa. 2 o- efficient of Correlation * 


ession wae 


Regression involves comparison between two or more variables, It is the 
‘sis Of correlation analysis. It is а measure of average relationship between two 
ге Series and tells about the probable c in a dependent variable as 

ed to a certain change in the other variable. 


-. Unless there is a perfect correlation between two series (in which case there 


Опе regression equation) there are two regression equations, one of x on y 
ûd the other of у on x. 


In this chapter various types of questions of regression have been solved. The 


: of solving the questions can easily be followed from the explanation of the 
Imbols used in the various problems, 


PROBLEM 5.1. Calculate Karl Pearson's co-efficient of correlation and the 
Pression equations from the following data :— 


Age of husband Age of wife 
18 17 
, 19 17 
20 18 
21 18 
22 18 
23 19 * 
24 19 
25 20 
26 21 
27 22 
Я SOLUTION 


hands and wings, Calculation of co-efficient of correlation between ages of 


Аве of husband (X) 


iati Product 
omen] Square of Deviation of 
a ( deviation from анаа 


as. 
àv. (19) 


(x?) 


S IRG RYS 
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Substituting the above values in Pearson's formula. 


zo (9 ( 


where r represents the co-efficient of correlation. 


۳ 43—10 ( T» (ar 
wf GY fe-Gry 


43х104-5х1 430+5 


r= 


VEXIO үа) VSS VBT 
435 
= ———— = 9596 
VEXIST 


Regression co-efficient of x on y 


or bxy—r-2*. 
y 


GRAL ME E 
E (2) 
tet) x) 


سد 


se) 


ans 
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09 Gi) 


س — 


—1 * 
25—10 (=) 
245 
24.9 
1.747 
"Similarly Regression co-efficient of y on xis represented by 


byx-r 2? 
gx 
2x Zy "e: 5 = 
سود‎ Qn) (2) 00 (50) (7) 
E a ВЕБ 
2 5 M 
Уха ( 2х ) в—19—5-) 
Bas _ 
Я gs 7 n 
р х 
_ Arithmetic average of X series of Ax= Assumed ау} = 
2 1028 
i i А Ху 
Arithmetic average of Y series ог ) As. aV- + = 
=194 55 =189 


i i uation of x 
* the above values in the following Regression Ea 


(x—Ax)—bxy (у—Ау) 

det. 
1 22.5) 1.747 (y—18.9) 
or х=1.747у—33.018-+-22.5 
—1.147,—10.518 — 
Similarly, regression equation of y on x is 
(y—Ay)=byx (x—AX) д 
Substituting the calculated values, we get, 
()—18.9)—.527(x—22.5) 
or y—.527x—1 1.86--18.9 


2=.527х-|-7.04. "nts Е 
Thus, the co-efficient of correlation between. age of husband and wite 18 - 


and the regression equations are 


x=1,747y—10.518... 
у=.52754-7.04....... 


4 
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PROBLEM 52.. Write down the two regression equations that may be as: 
with the following pairs of values :— 


(х): 1532 114 138 154 144 153 141 107 136 ОШ 

E 
(о): 493 300 414 s 676 549 320 483 48 
SOLUTION. Calculation of the Regression Co-efficients. 


Square 
of Devia- 
tion 


=-+-103| Dx? EZy--—3n| Ху? 
n 


Regression co-efficient of x on y, or 


ze (A) (Ж) е) (S 


g. — — 
D س‎ = i 
ki Ху \* —331 
Zyt=n ( л ) 242189— “(—® | 


3548-1-3409.3 6957.3 

= — — 23 
242189—10956.1 231232.9 

Similarly, the regression co-efficient of y on x 


215 


Regression 

103 —331 

3548—10 (-0- ) (o 
103 |? 
3007—10 (Ab) 


3548-3409.) 697 3.575 
3007—1000.9 ^ 19461 


; ч 2x 
_ Arithmetic average of x series or Ах= Аз. av: + SIE 


—130 ＋ 151405 


Ay = As. av. LE 


=500 + 04660 


regression equation of x опу. 


Arithmetic average of y series or 


- Substituting the above values in the following 
(х— Ax) bxy (YAY) 


(x—140.3)=.03 (y—466.9) 

or x—.03y—14.0074-140.3 
| * 0 126.203 
Similarly the regression equation of y on X is 
Bn (y—Ay)mbyx (x—Ax) 

ubstituting the calculated values, we get 

(y—466.9)—3.575 (x—140.3) 
ot y—3.575x —$01.57--466.9 

yz3.575x—34.67 


Thus the tw i { z 
Уо regression equations that may be assoc 


we get, 


jated with the given pairs 


x=.03y+126.293 
у==3.575 x—34.67 
PROBL a = ined 
d The following marks have been ома 
pape, 10 SERI 56, 58, 60, 65, 68, 70, 75, 85. 
62, 64, 65, 70, 74, 90. 


Paper tt 82, 56, 50, 48. 60, 
he above data. Find the lines of 


by a class of students 


Compvte the co-efficient of c 

‹ е orrelation for ! 

ression and examine the piden 
SOLUTION i ; — ae 
1 . Calculation of the co-efficient of correi 

ained by a class of students in Statistics 1 paper and баеса П paper. 


А а А... 
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Substituting the above values in Karl Pearson's formula 


ag (29) (+) 
* ( 24 / 


x 2 
ZEIT ( 7 X 
Where r represents the co-efficient of correlation. 
we get, 
1393—11 4 sr) end 


ME o VAM 
OPERE ЖЕ. жеты 
(1393x 11) (2x 49) 


VaR 07 esa 
15421 
= 913 


15323 4-98 
= = 
155. /20515—2401 x 
Regression co-efficient of x eee 
29" (= -y = ) n (ft) Gr 4) 


n) 


"m 


4 


byx=r 


En-. ( 9 


Regression 217 


1393+8.9 1401.9 
= 


1865—218.3 1646.7 
Regression co-efficient of y on x or 
PA A 
pore) (9) 
E ——— m 
Zx*'—n (==) 1 


2 —49 
1393—11 27; ww) TH " 
( ) ( 1393--8.9 1401.9 وو‎ 
1414—.356 1413.64 


.85 


= 


144-11 EX 


Arithmetic dverage of the marks of the Is 


t Paper, or AX=AS. a ER. 


=65+- P =65.2 marks. | 


Arithmetic average of the marks of the 2nd Paper, 
10+ 259 — 65.55 marks. 


or Ay=As. av. + 22. 
on equation of x on y 


Substituting the above values in the following regressi 
(x—Ax)=bxy (y— A») 


(x —65.2).85 (y—65.55) 
or xz5.85y—55.124-65.2 
=.15y4+9.48 
Similarly, regression equation of y on x is 
(y—Ay)=byx (x—Ax) 
Substituting the calculated values, we get, 
(у—65.55)=.99 (х—65.2) 
огу —,99х—64.55-165-55 
#=.99х+1 
93 € the co-efficient of correlation between the marks of the 
ч the regression equations are : 
x-.85y--9.48 
у=.99х+1 


Me get, 


two papers is 
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PROBLEM 5.4. Explain the concepts of correlation and regression and 
their usefulness. 


Calculate the co-efficient of correlation and obtain the lines of regression fo 
following data: 


x 1 2 3 4 s 6 7 8 9 

y 9 8 10 12 i 13 14 16 15 

Obtain an estimate of y which should correspond on the average to x=6.2. 
. Calculation of the co-efficient of corrélation between x 


Index еи 


Deviation 
from as, 


Square off 
"s deviation 


е о 


= 
Cyr qe р 


Es гую |2598 
Substituting the values in TOME e 
NE) 
r= 
dee) Bee 


Where r represents the co-etticient of correlation 


жаш 
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(57 х9)—(0 x0) 


V 60 x 9—(0)* у 60 x 9—(0)* 
__ 513—0 513 


= = HS 
VSD 0D 30x50 — 


Regression Co-efficient of x on y or 


E E 
bxy=r = 95x g^ gos 


2.58 
=.95х 23g; 795 
Regression Co-efficient of y on x or 
byx=r 2 m 94238 _ 
ух=г c Se =95 
Regression equation of x on y 


G- =bxy (y—Ay) 

ОР x—$ —.95 (y—12) 

or x ='95 у—11.44-5 
or х —.95 y —6.4 
Regression equation of y on x 
O- Se (x—Ax) 

or y—12 —.95 (х—5) 


огу — —.95x 4.5142 
огу — —95x.-7.25 
The value of y when x=6.2 
оу — —(95x6.22-7.25 
=5.89-17,25 
| =13.14 


PROBLEM 5.5. Vital Statistics of the U.P. (in thousands) 


Dysentery 
Respiratory and 
diseases diarr' 


Лога 
1025 37 16 
853 34 13 
698 35 12 
970 47 18 


Find out *r* of the deaths from the fevers and total deaths given above Calcu- 


late Standard rr n regi ion of the deaths rom 
ы error oj m і li le Of regressi f fi 1 fr 
evers on total ded the co efficient апа the f regi 


SOLUTION, Calculati i scorrelation between deaths 
E fever and total Perens of the co-efficient of 
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5 
ы Deviation 
Bz 85 from as. av. 
(1145) 
2 z 


Substituting the above values in Pearson's formula 
Ex Ху 
1x) C2) 
r= 
n X FEU 7 2 
Zu — J e) 
Where r represents the co-efficient of correlation 


We get. om) E ) 


Beats fa ee 


82378х 4—6 х2 


\/62818х4—(6)# 4/1078 4—02): 


329500 
= = .987 
М 251236443124 
Standard Error of the co-efficient of correlation 
1—r? 1.987)? 1—.974 
S.E.— — — 
VON . 2 
= Lo 3 
Arithmetic average of the deaths from fever 
or Ах AS. av. + m res == 886.5 deaths. 
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Arithmetic average of the total deaths. 


as av. +22 =1145 + -2 =1145.5 deaths. 
ion co-efficient of x on y : where x represents the deaths from fevers 


and y the total deaths. 
2 (=) СӘ 
25 Ey ү 
syn (A=) 


ena ct) C 


110782—4 (t3 


82378—3 82375 
————— — 4 
110782—1 110781 
gression equation of x on у 


Substituting the above value in the re 
(x—Ax)=byx Q—A») 
We get, 
(x—886.5)—.74(y—1145.5) 
or x—.74y—847.67-H-886.5 


== 74y--38.83. ; Е 
Thus, the co-efficient of correlation between the ME са the fevers: 12 
tout Labs i. 907 and its standard erroris 013. he ine of regress 
deaths from fevers on total deaths is given БУ the following eq : 
x=. 74y+38.83. 
abl PROBLEM 5.6. The height of fathers and sons are given in the following 
e :— 
173 
Height of father а см 169 171 
in centimetres 
| 
eight of son in 167 168. 160 164 i2 pe 9 1” 
| centimetres , 
e the expected average height of 


R Р and calculat: 
orm the two lines of [n omen 167.5 centimetres. 


the son when the height of the father 
SOLUTION. Calculation of the regression co-efficient. 
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чаге of Height 
LS 


E ^) Ху 

s") pg) 

ox " 

Ьху=г——— = ص‎ x e ———— 
оу 


4 2 
1 
2 
742—2749 25 


Peresson co-efficient of y on x or 
Zx Zy 
— 4 — U 
= — eee pe : ͤ ũ— 


Pr ( - 
HHH 


50—38 ((A 
22—1 21 


= — 224 


50—.5 49.5 


оу 
byx—r 
ох 
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Arithmetic averáge of the heights of fathers or 
Ax=As. av. + T 168+ 4 =168.25 centimetres 
Arithmetic average of the heights of sons, or 
Ay—As av. 168 — 168.5 centimetres 
Substituting the above values in the regression equation of x on y 
(X—Ax)=bxy (Y—Ay) 
We get, 


(X—168.25)=.525 (Y —168.5) 
or X —.525y—88.4625-:-168.25 
—.525y--79.7875 


The regression equation of y on x is 
(Y—Ay)—byx(X—Ax) 
Substituting the calculated values, we get, 


(Y—168.5)—.424 (X—168.25) 
ог Y=.424 X—71.33804-168.5 
: ==.424 X＋ 97.1620 


Calculating the expected average height of the son when the height of the 
- father is 167.5 centimeters from the regression equation of y on x. 


We have, 


Y—.424X 7. 1620 
. 424 х 167.5-|-97.1620 
—71.0200-1-97.1620 
—168.1820 


Thus, the expected average height of the son is 168.1820 centimeters correspon- 
ding to the given height of the father. 


PROBLEM 5.7. Find the most likely price in Bombay corresponding to the 
Price of Rs. 70 at Calcutta from the following data :— 


Average price at Calcutta 65; 

at Bombay 67. 
| Standard deviation at Calcutta 2.5, 
at Bombay 35. 


two Coeff ient of correlation is--.8 between the two prices of the commodity in the 
ns. 


SOLUTION. If x represents the price at Bombay, and y the price at Calcutta, 
E likely price in Bombay corresponding to the given price at Calcutta will have to 
lated from the regression equation of x on y which is, 


ox 
ر = ك‎ 
(X—Ax)=r 555 (Y—Ay) | 
where Ax and Ay represent the average prices at Bombay and 
Calcutta — and ох and оу, the standard deviation at 
Bombay and Calcutta and r, the co-efficient of correlation 


between x and y. 
\ Substituting the given values of Ax, Ay, ox, ay and r, we get, 


(X—67) =8 —313—0—65) 
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or X =1.12 y—72.8--67 
=1.12 y—5.8 e e () 
Calculating the value of x, when y is equal to 70 froi 
We get, 


X70 21.12x70—5.8—78.4—5.8— 72.6 


Thus, the most likely price in Bombay corresponding to the price of Rs. 70 at 
Calcutta is Rs. 72.6. 


PROBLEM 5.8. Explain what is meant by a scatter diagram and line 
regression. Why should there be, in general two lines of regression for each bivarii 
distribution ? 

You are given the following results for the heights (x) and weight (y) of 1, 
policement of О.Р. :— 


Ax= 168.00 Ay=70 kg. r=0.60 
ox=7.00 cm. 0у==10.00 kg. 


Estimate from the above data (a) the height of а particular policeman wi 
weight is 80 kg. (b) the weight of a particular policeman who is 160 cm. tall. 


. SOLUTION. If х represents the height and y the weight, the height 
weight of particular policemen for the given weight and height will have to # 
calculated from the regression equation of x on y and of y on x respect 
They are :— 


(x-Ax)=r a D. @ 
and O- Ау)=г T ik = a qu 


Substituting the given values of Ax, Ay, ox, oy, and r in (i) and 
we get, 


7 
(x——168)—.60 10.00 (y—70) 
ог x—.42y—29.4--168 


—.42y4-138.6 pis $us NEN. C. 


and (—70)—.6 m uL 168) 
ог y —.857x—144.00--70 
=.857x—74 e 


Calculating the value of x when y is equal to 80 kg. from (iii) and the valut 
y when x is equal to 160 cm. from (iv) : 1 


We get, 
X80 = .42 x 80--138.6—33.6-1-138.6—172.2 cm. 
and Y 160—.857 x 160—74—137.120—74=:63.120 kg. 


Thus (i) the height of a particular policeman whose weight is юш 
172.20 cm. and, 


(ii) the weight of particular policeman who is 160cm. tall is 63.120 Kg. 


Regression 


` 


BLEM 5.9. A study of gram prices at Hapur and Varanasi yields the 
data :— { 


Hapur | Varanasi 
Rs. Rs. 

е price per kg. 2.463 2.797 
iio deviation — .326 207 
j een prices at Hapur 

d Varanasi 430.774 


imate from the above data the most likely price of gram (1) at Hapur 
ding to the price of Rs. 2.334 рег kg. at Varanasi ; and (2) at V. 
ling 10 the price of Rs. 3.052 per kg. at Hapur. 0 


LUTION. 1f x represents the gram prices at Hapur and y at Varanasi, the 
ly price of wheat at Hapur corresponding to the give i Lis at Varanasi 
the most likely price of gram at Varanasi for a given price at Hapur will have to 
culated from the regression equations of x оп у and of y on x respectively. 


ox 
—, =r — (y— Ay see mm i 
a ha Ay) 00 
and (y—4y) =r (x—Ax) * Ser (ii) 


Substituting the given values of 4x, 4y, ax, oy and r in (i) and (ii), we get, 


(x—2463 57. (y—2.797) 


or x =1.2189y—3.409 4-2.463 DE 
—1.2189y—.946 5 ny. (ii) 


and (y —2.797)—:774 2 0-246) 


or y —.491x—1.2104-2.797 


==.491х--1.587 ХЕ *. 15 (iv) 
Calculating the value of x when y is equal to 2.334 from the (iii) and the value 
When x is equal to. 3.052 from the (iv) ; mi 


E * 
Х2.334 1.2189 x 2.334 —.946 
—2.845—.946— 1.899 


and Y3.0522«.491 X 3.0524-1.587 
=1.4984-1.5862=3.084 


‘Thus, the most likely price of wheat 


(1) at Ha i 8 i 1 
1.899 Geeks: corresponding to the price of Rs. 2.334 per kg. at Varanasi 


2 
(2) at Varanasi corresponding to the price of Rs. 3.052 per kg. at Hapur is 
g 


5. 3.084 per kg. 


P 
A ROBLEM 5.10. The following data are given for marks in English and Maths. 


t exam. of the State in a certain year :— 


Mean marks in English 39.5 
can marks in Maths. A Р 
E^" deviation of marks in English —10.8 $ 
15 P 


220 Practical Problems in statistics 


Standard deviation of marks in Maths. =16.9 
r between marks in English and Магу. == --0:42 
Form the two lines of regression and explain why there are two 


regression. Calculate the expected average” marks in Maths of candidates 
received 50 marks in English. 


SOLUTION. If x represents the marks in English and » that in М д 
the two lines of regression in the form of equations may be given as follows = 


(x—Ax)y-r = (у—Ау)...........(ї) 
and (у—Ау) =r 2 (x—Ax) (ii) 
YAY) =r GAD ee 


Where Ax represents the mean marks in English, 
Ay, the mean marks in Mathematics, 
ox, the standard deviation of marks in English, 
oy, the standard deviation of marks in Mathematics, 


and r, the co-efficient of correlation between marks in English 
Mathematics, 


Substituting the given values of Ax, Ay. ox, oy and r 
in (i) and (ii) : we get 


(к—39.5у=42 19 08% 
or х.268)—12.77--39.5—.268у4-26.73.... 1. 40 


and (9—47.6)—42 108 (x—39.5) 
or у.657х—25.964-47.6—=.657х--21.64.. .. .. .... (й 
Calculating the value of у when x is equal to 50 
from (iv) ; we get 
Y 50—.657 x 503-21.64 
32.85 21.64 84.49 


Thus the two lines of regression are 
. 268 £26.73 and y=.657x 4-21.64 


and the expected average marks in Mathematics of candidates who secured 50 
in English are 54.49 or 54.5 


PROBLEM 5.11. Jn the following table are recorded data showing the 
scores made by salesmen on an intelligence test and their week ly sales :— 
Salesman ... 1 2 3 4 5 6 7 
Test Scores .. d 199/730 60 80 
Sales(000)... 2.5 60 45 50 45 


Calculate the regression line of sales on test score, and estimate ma 
probable weekly sales volume if a salesman makes a score of 70, what vill 
sampling error of your estimate ? 


— 


E 


qoem | 


ssssssssasi Hd 


ession co-efficient of y onx 


ы ie) (2) 
( ) 


; where y represents the sales and x the test 


— 1404-0 140 
200—0 ею ——058 =06 apprex. 


thmetic average of the test scores or Ax-+As. av. EP 


60 + = 70 =60 


454 — - s 
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The regression line of y on x is (у—Ау)=Ь)х(х— Ax) 
Substituting the calculated values of Ay, Ьух and Ax, wc get 
(y—4.05)—.06 (x—60) 

or у= 06x— 3.60-14.052 .06х4-.45 n 8 * (i) 
Calculating the value of у when x is equal to 70 from the (/) 


we get, 
70 =ғ.06 X704-.45242- 45 4.65 
Sampling Error of the above estimate 


Standard Error of the regression Co: efficient of y on x= 
y " 
Where E)? stands for the total of the square of deviations from t! 


arithmetic average and x y for the total of the product of deviations from 
arithmetic average. Substituting the values we get, 


—4.5 
Jys18.25— 10 ( TIO ) 16.225 
Уху 140 
or Standard Error of the regressicn Co-efficient of y on x 


6.225—(.06 x 140) 
= 10 88 


Ine Sampling Error of the above estimate (of у;ә==4.65) at one 54 
еггог==.88 

he confidence limits are 4.654-88 

Thus the regression line of sales on test score is y=.06x-+.45 and 


probable weekly sales volume for a given score of 70 is 4.65 with a sampling | 
.88 (at one standard error) At two Standard Error it would be 1.76 


confidence limits 4.654- 1.76 
PROBLEM 5.12 Given 


х=85у ;у=.89х : ox—3 : 
Find out: 
(a) оу (b) r 


SOLUTION. From the given data. 

Regression of x on y or b ra 
Regression of у on x or byx=r A) 
Substituting these values in the following formula 


= VNN Бух 
we get, 


rm FSX I=: 13652. V 78697 =/ approx, 
Similarly, r ——— =.85 
dac 


PE 
B, 


Regression 


or. ds oy=r X ox 


rXox р " 
| огоу= :چچ‎ substituting the values of r and ох 
t 


мере, суче 30% 
Thus г —.87 and су=3.07 
PROBLEM 5.13. [п a partially destroyed laboratory record an analysis of 
correlation data the Jollowing results only are legible :— 
Variance of x=9 
Regression Equations: 


8x—10y--66—0. 
40x—18y ==214. 
What were (a) the mean value of x and x, (b) the standard. deviation of y, and (c) 
the co-efficient of correlation between x and y ? 


SOLUTION. (a) Calculation of the mean values of x and y 


ioo. 
40x—18y—214... m ese 255 EO 
Multiplying the (i) by 5, we have 
40x—18y214... ds aa ES +i) 
A050 330. AOD 

32y—544 or у=17. 
Similarly, multiplying the second equation by 10 and (i) by 18, we have, 
400 — 180 210. 40 
144х—180у——1188..._..._..(У x13 

دد =× 


(b) Calculation of the co-efficient of correlation between x and y. 
| "The given equations are :— 


40x—18y 2144. 0) 
8x—10y+66=0... „ wali) 
from the first, 


40х=18у--214 or x=.45y+5.35. 
Therefore the regression of x on y or bxy=.45 
Similarly, from the second 
10y—8x-1-66 
or y=.8x-46.6 
Therefore the regression of y on x or byx=.8 
the co-efficient of correlation between x and y or r—À/bxyx byx 
Substituting the values of bxy and Бух ; we get 
| '=\/4$х 8—A/ 36.6 я 
Thus, the co-efficient of correlation between x and y is .6 
(©) Calculation of the standard deviation of у. 
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Regression of x on y—r = =.45 


Substituting the values of r and ox, we get су = =4 
Thus, 


(а) the mean values of x and y are 13 and 17 respectively. 
(5) the co-efficient of correlation between x and y is .6 
and (c) the standard deviation of yis 4. 


Nore. In calculating the regression Co-efficients Af we presume t 
equation (i.e. 8x—10y-+-66=0) is the regression equation of x on: a 


REVISIONAL PROBLEMS T5 
5.14. Obtain the two regression lines for the following data : 


X 1 2 3 4 S 6 V 8 
Y 9 Өш 10:42 11 13 14 16 


Obtain the estimate of Y which should correspond on the average to x= 


(Ans. r= 95 
х==.95у—6.4 v 
yzz.95x4-7.25 ТШШ 
When x—6.2, у= 13.14). 
5.15. The following data give the 


0 d hardness (x) and tensile strengt 
7 samples of metal in certain units. Find the lincar regression equation of ; 


X 146 1532 158 164 170 176 182 
Y 75 78 77 79 82 85 86 
(Ans. у= IN 


ion fl n Calculate the co-efficient of correlation and obtain the lines of reg 
ion for the following data : 


X 1 2 3 4 5 6 1 
Y 9 8 10 12 11 13 14 , 
btain the estimate of y which should correspon d on the average to x62, 


(Ans. 764-7.284. 


5.17. Following table gives the ages of husbands and wives for 
arried couples. Find the two regression lines. Also estimate : 


(a) the age of husband when wife is 20, and 
(b) the age of wife when husband is 30. 
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Age of husband 


9 14 
6 11 
25 


(Ans. X= .76у4-11.25 ; y—14.7--7.49x 
(a) 26.45 years (b) 22.19 years) 


518. Compute the least squares regression of y on x from the following 


X 89 86 74 65 4 166 MOTOARE 
Y 92 91 384, 7% % % оа 


(Ans. у=0.808х-- 20.92) 


5.19. Given the following values, find the expected value of x when y is 12 : 


Average of x Series 25 

Average of y Series—22 

Standard Deviation of x Series—4 
Standard Deviation of y Series—5 
Co-efficient of Correlation=0.8 


E From the data given below estimate the most likely height of a father 
Whose son's height is 170 centimetres : 


Father's mean height is 167 centimetres with Standard Deviation of 7 centimetres. 


5 mean height is 165 centimetres with a Standard Deviation of 6 centimetres. 
Co-efficient of correlation between the height of father and son 15--.8. 


(Ans. 171.10) 


aa Two random variables have the least square regression lines with 
tions 3x+2y—26—0 and 6x4-y—31—0. Find the mean values and co- 
nt of correlation between x and y. 


(Ans. X =4; Y=7,r=—.5) 


522. You are supplied with the following data only : 
Variance of x=36 
12х —15у--99—=0 
64 х—27у==321 
Calculate : (a) the average value of x and y, 
(b) the standard deviation of v, and 
(c) co-efficient of correlation between x and y. 
(Aus, X —13, у = r—0.6, oy=8) 


! 5.23. T. 
Jon the p 
thousand 


ks following calculations have been made for closing prices of 12 stocks 

à mbay Stock Exchange on a certain day, alongwith the volume of sales 
of shares (y). From these calculations find the regression equations— 

z 250, ®у=370; Sxy=11,494 

Zx5—41,658, Dy" = 17106 
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(Ans. : 
yo53.55—0.47x 


x—79.16 —I.1y) 


5.24. The regression equations calculated froma given set of observat 
are : i 
х=—.2у4-4.2 
у=—.8х--8.4 
Calculate : 


(а) x and y (b) r, (c) the estimated value of y when x 
(Ans: x23; y= 6; (i) -A G 


5.25. For 50 students of a class the equation of marks in statistics ( 
marks in Accountancy (y) is 3y—5x4-180—0. The mean marks in Account 
is 44 and variance of marks in statistics is 9/16th of the variance of 
Accountancy. Find the mean marks in statistics and the co-efficient of correla 
between marks in two subjects. 


(Ans +; X 2624 ; r= 


Numbers 6 


‘Index numbers indicate the level of a phenomenon on à particular date or 


during a specific period, in comparison to the level of the same phenomenon on 
he previous date or period. 
In this chapter various types of questions connected with the construction of 
ex numbers have been solved. In the beginning, questions on unweigh 
imple index numbers have been solved and afterwards questions on weighted 
numbers, including the Fisher's Ideal index number, have been done. 
PROBLEM 6.1 Compute the index numbers for each. year from the follo- 


g average annual wholesale price of gur in Hapur in rupees per bag of 80 kgs. 
the period 1958 to 1974 : 
Year Rupees Year Rupees 
1958 78 1966 $8 
1959 54 1967 78 
1960 67 1968 76 
1961 56 1969 112 
1962 72 1970 
1963 102 1971 76 
1964 98 1972 75 
1965 94 1973 71 
1974 100 


SOLUTION. Hapur Index Numbers of gur prices. 
(Base: 1958—100) 


Index Nos. 
Current year’s price 
— —— C | 


Base year’s price 


120.51 
112.82 
PROBLEM 6.2 The follo data give the number of wage earners in 
factories in the U. S. pbi gri e un wages. Make an Index comparing 
with 1963 as a base: 


Year Wage Earners Total Wages 

1954 6,896,190 4,067,718,700 
1959 9,000,059 10,461,786,000 
1961 6,946,570 8,202,324, 300 
i 7 5 1 
1965 H 10,848,802,000 


id 122 111620,973,000 
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SOLUTION. Index numbers of wages in the maaufactories of 


States. 
Wages 
per head 


$4,067,718,700 | $589.85 
10,461,786,000 | 1162.41 


1254.16 

Җ 1 1279.77 

E 10,848,802,000 1299.29 

8,838,743 11,620,973,000 1314.77 
PROBLEM 6.3 Construct appropriate index numbers to discuss t 
tuations in the export of raw cotton, and raw jute from India Jor the 
1970—71 to 1975—76, using the average of the 1966 —70 ас base. 


(Base 1963—100) 


Wage-Earner 


Total-wages 


Raw Cotton 
Quantity 
(1000 tons) 
ЕЛЕЙ 609 
average. 
'970—71 


SOLUTION. Index Numbers of the export of Cotton and Raw Ji 
India (Base : 1966—70—100) 


Index | Value 
Num- 


99.67 |3377 | 56.84 | 771 


PROBLEM 6.4 Use the followin AF ; А in d 
к ig data of industrial reduction I 
2 5 are the annual fluctuations in Indian industrial acti id i 


viry by the chaind 


Index Number 


of Industrial Production in India. 
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SOLUTION. Computation of Chain Base Index Numbers of Industrial 
oduction in India. 


Chain Base 
Year | Index No. Index Year 
Number 
1959—60 


Chain Base 
Index 


104.69 
87.82 
118.24 
91.97 
107.38 
100,00 


table gives the average wholesale prices of the 


PROBLEM 6.5 The following 
odities A, B and C during the years 1964 to 1971. 


Average wholesale prices in Rupees 


PIPIFEE 
710| 70.6 | 720| 720 А 
6.2 | 64 78| 60 
28.6 | 28.6 | 30.2 | 28.0 
Find out the index numbers 


(i) by reference to 1964 as base year 
(ii) by the chain base method. 


SOLUTION. 
(i) Index Numbers of Prices. 


Commodities 


(Fixed Base : 1964—100) 


(Percentages or relatives with base 1964==100) 


BA. 139.5 149.4 
Bi. 2|941| 1147 100.0 
S 966 | 966| 1020 | 94.6 


of 300 4030 3063 328, 330,2. |359.0 3251 — 3662 


Relatives 


Index num- 
as average 100 101.00 101.20 109.36 110.06 119.66 108.36 122.06 
Of relatives 
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(ii) Index numbers of Prices. 
(Chain Base Method) 
(1964— 100) 


Percentage based on preceding year 


Coo Г 
100 1217 108.4 | 106.3 99.4 102.0 |100,0 
10 94.1 87.5 | 110.7 | 103.5 121.9 | 76.9 
1 


872 | 102.3 | 108.3 | 100.0 | 105.6 | 92.9 


PROBLEM 6.6 You are given the following series of index number 
wholesale prices of four commodities and a straight index based on the averû 
Calculate a new index for the five years based on the chain method. 


Index-Numbers of wholesale 
prices of commodities 


SOLUTION. 


Computation cf Index Numbers of wholesale prices based on Chain Be 
Method. Be 


Percentage 
based on 1968 
Percentage 
based on 1969 


Given Index 


* 
v 
;- 
z 
v 
= 
о 
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vom the fixed base index numbers given below, prepare chain base index 


1968 1969 1970 1971 1972 1973 
376 392 408 380 392 400 


b) From the chain base index numbers given below, prepare fixed base index 


1968 1969 1970 1971 1972 1973 5 

92 102 104 98 103 101 - 
UTION. (a) Computation of Chain Base Index Numbers from the given 
index numbers. | 


Fixed base index 


Fixed Base numbers changed to Chain Base Index 
Index chain base index Numbers 
Numbers numbers 

Q) (3) (4 


the fixed base 


ind (e) By chaining together the chain base index numbers, we get 
dex numbers. 


Computation of fixed base index numbers fro 


m the given chain base index 


Chain base 
index num- 


Chain gc index numbers chained 
bers o 19 


968 as base 


92 
93.84 

155 x102 
92 x92. 97.59 
ior 100 0 
105 x 160 x98 95.63 

x 02, 255 103 98.50 
T хр Xio0 I00 ^ 
92 m 102 „104 X E ж rw cid 


70 ^ 100. 
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PROBLEM 6.8 Which average would you use in computing the price 
Number from the following data for 1974 on the basis of 1970 ? rini 


Give your reasons. 


‹ 
Commodity Unit Price in.1970 Price in Їй 
Rs. m. м. SN 

1. Rice per Quintal 234 50 270 2 

2, Wheat N 135 60 180 m$ 
3. Linseed per. D. 160 80 240 4 
4. Gur Per „ 106 40 136 4 
5. Cotton pe 1117 40 1112 $3 
6. Tobacco per „ 815 00 9H 4 


SOLUTION. Index Numbers of wholesale prices of certain commoditi | 
(1970— 100) 


Total of percentage 


Index Numbers ex- 
pressed as Average 
of percentages 


Index Numbers ex- 
pressed as Median 
of percentages 


Index Numbers ex- 
pressed as geometric 
mean of percentages 


those in [952, commenting 
tive methods which may be 


Commodity 


€ ratio of prices in «dl 
lative advantages and disadvantages of alt 


Index Number of Prices 
Tite 1962 * 
Jute manufactures 146 67 
E 167 89 
оол manufactures 
Wool and si 159 117 


126 126 


ФОО SY оше WU QD ea. 


SOLUTION. Computation of the General Index Numbers of wholesale 
tices in 1962 and 1972 (July, 1960—100) 


Index No. of prices 


| m [ьт 


Commodities 


1: Jute raw 56 
2. Jute manufactures 67 
3. Cotton raw 89 
4, Cotton manufactures 117 
5. Wool and siik 126 
Total of relatives 455 
Average of relatives 91 
Median of relatives 89 
Geometric mean of relatives 86.8 


A note can be given here in support of the geometric mean. 


"E PROBLEM 6.10 From the following data, prepare a weighted index number Y 
I the food group for 1969 with 1959 as the base period. 


Price per Price per 
kg. in kg. in 
1959 1969 
Rs. Rs. Ps. 
Wheat 40 0 7 420 
Rice 20 0 2 00 
. Gram 15 1 Ji. iU 
. Arhar dal 5 1 11 95 
Milk 6 0 1 20 
- Mustard oil 10 2 4 00 
- Sugar 3 1 1 80 
_ Sali 1 0 0 50 
— 311 


_ SOLUTION. Computation of the weighted index number for the food group 
ot 1969 with 1959 as the base. 


i : Price Rela- eighted 
Prices (per К). | tives with | Weights] Price. 
1939 prices Relative 
1959 taken as 100 
(Base year) 
( 40 


50 20 
60 15 
50 


— 


8: 


2888 


HE 


ON D e aa New 
8 


кә 
= 


БЕ 
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The weighted index number for the food group for 1969 is equal 
100 or 241. 


Quantity 


о чол il 


Find the index number for 1975 by 

(1) Base year weighting 

(2) Current year weighting 

(3) Fisher's Ideal Formula 

SOLUTION. Computation of the Index numbers of Prices for 1975 


Current year Base year Current year 
Base year 1975 weighting weighting 


Quantity at „ 
^ = р = 


2p 


(1) Index number of prices by base year weighting 


Index Number for 1975 — 27140 ,, 8370 
975 Уруй X 100= g~ х 100==102.3 


(2) Index number of prices by current year weighting 


Index Number for 1975221; 10050 — 
5 60 x100— === 9280 x 100—108:5 


(3) Index number of prices for 1947 by Fisher's “Ideal” Formula, : 


Хро у Хр 
Index Number for 1975— 4] 22920 EM 


: X. 
EL E > 100 


21.053 х 100—105.3 


*100 
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: the index number for 1975 

П) by base year weighting is 102.3, 
by current year weighting is=108.5, and 
(3) by Fisher's Ideal Formula is=105.3. 
M 6.12 Given the following data, what index numbers would you 
oses of comparison? Give reasons. 


Quay | Pre | Quantity | Price | 


100 6.4 1 ә; 
90 7 10 27 


s and quantities are given in arbitrary units. 
ION. Since thestatistics of quantities for the base year as well 
ent year are given, we would use Fisher's Ideal Index Number for pur- 
parison as it will have the two basic qualities, viz., Time reversibility 
reversibility. 5 
tation of the Fisher’s Ideal Index Number for 1974 with 1967as 


Pili х Р! 100 

/ POI Poi 

Index Number for wu- | 0s e x100 

=.4911% 100—49.1 
nus, е n number for 1974 by Fisher's Ideal Form 
is 49.1. 

OBLE i the Factor Reversal Test. 

EM 613 Sour р Nus Ideal Index, and show how 


uct with the help of the data given below Fisi 
es the factor reversal test, 


ula with 1967 as the 


Estimated total produce Harvest price per 


in thousand tons in kg. in district 
district Saran Saran 
1957—58 1958—59 1957—58 1958—59 
рі р. 
17 26 56 50 
107 83 32 30 
62 48 41 28 
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SOLUTION. Construction of Index Numbers of Prices by Fisher's | 


Formula. 
Base year Current year| 
(1957-58) (1958-59) 


dities 


1. Winter 
Rice 

2. Barley 

3. Maize 


Substituting the above values in the Fisher's Ideal Formula for In 
numbers, 


5 
Index Number for current year / Feito. X ro z 100 
0 
We get, lx. 
5796 . 5134 
Index Number for зв ате 6080 x 100 
=.84 < 100—84. 
Factor Reversal Test is satisfied if :— 
> Eph 
Рох = - 
01 Оо Dodo 


Where Por stands for the price change for the current year on the base? 
and Обу for the quantity change for the current year on the base усаг. 


Now according to Fisher's Ideal formula. 


epee a! ee 
і. | Уруй, , Epyh , ir. BE [Ehh „2111 
Po X Poto Epo, гапа similarly O01 DN 257170 


Fol & Оу Ebo, Ўра bnd. Epa, 
Шр pod Ўро Уруд P140 | 


77 „Уруй ZP 
» So- Яру 7 Урду 


Thus, the Fisher's Ideal Formula satisfies the Factor Reversal Test. 


PROBLEM 6.14 Prove using the following data that the Factor 
Test is satisfied by Fisher's Ideal Formula for Index No. 


Base year | Base year | Current year 
Price Quantity Price 
10 
2 


6 50 

2 100 

4 60 6 
10 30 12 

8 40 


Commodity 


трос de 
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SOLUTION. Calculation of values of CH Урі Ўруйу and EP: 


Factor Reversal Test is satisfied if :— 


> 
PaxQu- 2 PrN 
9 01 X Podo 
Where Po, stands for the price change for the current year on 


the base year 
and 0,1, for the quantity change for the current year on the base year. 


Now, according to Fisher's Ideal Formula for Index No. 
Zpido x pp 
: y Уру Xn 204 


ZPol y 2514⁰ 


P, 


D 0 — 
017 / Endo ХР 


Therefore, 
PO e x26 e у ХР. 
gix бы Хрод Ўро Poo Урау 


Substituti 
E Урму, Todi 


and Epi from the above 


— о 
Ў 1900 1880 1344 1880 
Б PorxOu= [с > TIF C130 190 


1880 1880 1889 
= | 1360 “1390 = 1360 


Now 222201. is also equal 101850 
odo ү 
E Thus, it is proved that the Factor Reversal Test is 
ormula. 


Ide (PROBLEM 6.15 Construct with the help of the 
leal Index, and show how it satisfies the Time Reversal 


Base year Current year 
Quantity Price 


satisfied by Fisher "s Ideal 


data given below Fisher's 
Test. 


Current year 
Quantity 


Base year 


A 10 
Firewood p. 40 kg. 25 
Vor р. fivekg. Ў 

Cloth 30 


p. пи. 
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SOLUTION. Computation of the Fisher's Index Number for the current 


Substituting the above values in the Fisher's Ideal Formula for Index No. 


> —ũ—œũG 
2 '/.®л% ER 
. t * : 
Index No. for curren: year „ XP x 100 
we get, 


"1300 — 1430 
поа mr = 510^ 571 x100 


= 2-535 x 1002 253.5 
Thus, the Fisher’s Ideal Index Number for current year is 253.5 

Time reversal Test is satisfied if 

Рох Pio =1 

Where P,, stands for the price change for the current year on the base year, 
and Ру, for the price change for the base year on the 


current year. 
According to the Fisher's Ideal Formula kl Sth ah 
/ Z Pitoy Урі 9 — „/ 2роо x Epod, 
Pos Ур, pira and similarly Py 25% Ip 
Multiplying Pox and pio, we get 


Por” Pio =V 1 =1 


Thus, the Fisher’s Ideal Formula satisfies the time reversal test. 
here is yet another way of | 


The Of looking at the reversibility of index numbers 
If a relative shows an average increase of say, 25 per cent from the base year (0 
the current year then this should also be capable орч 


being described as a decrease 
faa per cent from the current year to the base year. fon the given data we 
nd, 


Я 2539) Index Number for the current year on the base year, as culculaled | 
15 ә. 


(5) апа index number for the base 
pod x Poth 
Урта Xp 100 


year on the current year 


jin ^ aa 100.3945 x 100 = 39.45 


is 1535 
From the above we find that the level of prices in the current year is 15; 
per cent higher than the Prices of the base year" If this is also capable of bel 


Index Numbers aS 
"n 
г а decrease of 60.55 per cent from the current year to the base year, 

1 test is satisfied. Thus, if the index number for the current year 
year is 253.5, it should be (100—60.55) = 39.45 for the base year on 
int year, which actually is the case, Therefore the Fisher's Ideal Index 

0 satisfy the time reversal test. - 
M 6.16 The following figures show the imports of cotton piecegoods - 
m Great Britain dei 1953—54 and a few later paye] 
sof quantity (b) index numbers of value, and (c) index numbers of. 
the figures of 1953 —54 as base. д 


E Quantity million metres Value million £ 


the effects of exchange variation between the countries. 
ON. (a) Computation of the Index Numbers of Quantity. 


ity i Percentage with base 
Actual quantity in million стае a 100 


pm ards - 
1953 | 1969 1970 | 1971 1969 
— HHHH -n |. 


1534 926 249 100 60 
793 | 474 280| 100 | 6 
ed| 832 433 223 100 58 


mumbers as geometric mean of 
relatives zi 100 393 29.0 


omputation of the Index Numbers of Value. 


Actual value in million £ Percentage with base 
1953—54 = 100 


7 157 52 2.9 100 92 
9.5 100 4.1 4.0 100 105 
11.4 5.1 3.8 100 96 ; 


11.9 
100 973 з BA 
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(c) Index Number of Price. 


To find the index numbers of prices, goods are valued in all the years separa- 
tely at thcir prices in the base year. The ratio of the value actually recorded to 
the value thus found out multiplied with 100 is the index number of the year 
selected. 


Value at the price in the 


Value actually recorded 
base year 
1969 | 1970 | 1971 1953 1969 1970 
—70 | 1 —72 —54 —10 —71 
2 4 
7 3.7 


1.7 15.7 D: 
9.5 10.0 4. 


23 17 10.3 4.0 

4.0 9.5 X 3.3 

3 11.9 6.9 3.5 
] 


Cotton goods 


11.9 11.4 ^T 


1 


Index numbers of prices as ratios of 
total values actually. recorded to total 
values at base year prices (expressed as 

percentages) 


PROBLEM 6.17. The following are the group index numbers and the group 
weights of an average working class family’s budget, Construct the cost of living 
index number by assigning the given weights. 


Groups Index No. Weight 
Food 352 48 
Fuel and Lighting 220 10 
Clothing 230 8 
Rent 160 12 
Miscellancous 199 15 


SOLUTION. Computation of the cost of living index number. 


Fuel and Lighting 
Clothing 

Rent 
Miscellancous 


veers 


Tweights 93 
= 276.4 
PROBLEM 6.18, Calculate a cost of living index from the following indices 


the weights being Food 60, Fuel апале E Clothing 23 A. VE Е 
оиз 4, Total 100. ight 8, Clothing 12, Rent 16, and Misc 


1900 
2850 
Cost of living index number = 2 Weighted relatives _ 25706 
( {Е n 
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TION. Calculation of the cost of living index numbers 


© зл -7 Us 
z| 38 29 В 
Ра Ss 2 2 => 
8 E EJ] ER 
ت ك‎ 9 

5 22 2% zx 
6420 


the cost of living index number for 
65, 1966, 1967 and 1968 based on 1964 
E 104.52. 103.72 and 106.12 respectively. "S jd 
)BLEM 6.19 From the following information prepare the in lex Numb 
liscellaneous Group taken Peat: construction of the Allahabad working 
of living Index Number. 
Miscellaneous Group 


assigned Р 

0 

4 

8 

0 

3 

-apap per copy > 0 
SOLUTION. Computation of the the miscellaneous 
EE 
Articles EF 

v 

25 


8 85388 


125 


А 
[ Total 100 [14,173 


E. 14173 
The index number for the miscellaneous group is 614 3 


© 
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BLEM 6.20. Construct the cost of living index number for 1950 on 
basis 7 pen from the following data using the family Budget Method. ү 


16 
“a 8 10 
Wheat 1 д 
Gram 4 à 
6 | 
— 21 25 H 
Gur 5 10 
Salt 8 10 
ой 40 50 
Clothing i 1 х 


Ам. 


Ss SSS 


8 


ET 
SNS» 


Clothing 
Firewood 
Kerosene 
House rent 


Index Number for 1950 = l price relative x weight) = 10010.1 
r for Weil m 146.8 
Thus, the cost of living index number for 


PROBLEM 621. An enquiry into the 
a city in England gave th, 1 


Welles on 


1950 is 146.8 or 147 Approx. 


budgets of the middle class families in 
e following informasion : 


Prices (1968) 
Prices (1969) 4 

What changes in cost of living figures 9f 1969 as compared with that of 1968 
are seen? 


SOLUTION. Computatio; f € 969 with 
1968 as the base, D no! cost of living index number for 1 


Index Numbers 


Weighted 
Relative 


1968 

prices 
taken as 
100 


Number for 1969 based on 106820 97.95 
yf 2.05% has taken place in the cost of living of middleclass 

n city of England in 1969 as compared with 1968, ^ д 
6.22. The following are the index numbers of prices (Base, = 


* 


Index 
100 


EN 2 300 
baie from 1959 to 1966 and recast the index numbers. 
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SOLUTION 


Shifting of base from 1959 to 1966 


Index Nos. 
1959 Base 


Index Nos. 
1966 Base 


100400 = 25 
1960 110x 100 = 27.5 
1961 120х190. = 30 
1962 200х ууу = 50 
1963 320K po = 80 
1964 400.400. = 100 
1965 410 5400 = 102.5 
1966 400x 400 = 100 
1967 380x 200 -95 
1968 370 =92.5 
De 350% 405 - 87.5 
0 360x 100. =90 
mm 348% 100 87 
1972 340x 10. =85 


100 

320x 400 ^ 80 
100 

300x 400 ^ 75 


РЕ A iven below RA А 
and the i) A UA y ы low are two sets of indices, опе with 1959 a5 


(a) Year Index Nos, b) Ye Ж OF 
pes 100 ( 1067 or 05. 
1961 120 1968 110 

130 1960 а 
1963 ae 1970 98 
1964 p 1971 101 
1965 E 1972 110 
1966 ы 1973 98 
380 1974 96 
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number (a) with 1959 base was discontinued in 1967. It is desired 
index number (b) with 1967 base to the first index number for 
fy. How will it be done so that the combined series has a com- 


Index No, (5) 
spliced to (a) 
1959 base 


6.24. The following table gives the per capita income and cost 
imber of a particular community. Deflate the per capita income by 
the rise in the cost of living. 


Cost of living 
Index Numbers 
Base 1959 
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SOLUTION. | Defiating per Capita Income. 


Defiated or Rei 
Capita Inco 
R 


100 
75x 120 —62.5 
100 


80 гу 616 


100 4 
90 150 60.0 


100 

100 x 200 =50,0 
100 

120x 250 —48.0 


1961 
1962 


1965 
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625 The prices of four Commodities in a place during two years 
below. Compute the four simple index numbers with the given 


1966 with 1963 as base year. 
Price in rupees per Unit for Commodities 
Year I u III IV 
1965 156 152 156 154 
1966 307 310 315 292 
Commodity I it t 
[ Index No. 196.8 203.9 109: 


626 Find index numbers for the year 1967, 1968 & 1969 by thed 
method, with base year 1966, from the following table : 

Year 1966 1967 1968 1969 

Link Index 100 110 95.5 109.5 — 

(Chain Indices: 110, 105.5 and. 

627 Calculate the cost of living Index Number by using (i) the weigh 

metic mean (її) the weighted geometric mean : 


Post a 

Fuel and Lightin 
Clothing dre 
House Rent 
Miscellaneous 


(Index nos. based on % 
Index nos. based on С. ME 


6.28 In the preparation of rural index number in a certain centre thé 


results were obtained : 


Lighting 
Clothing 
Misc. 
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Find the index number of rural prices for the two months, 
(Index No. for Oct.,=333.2; Index No. for Nov. 348.5) 


Compute Laspeyre’s, Paasche's and thence Fisher's index for the following 


[— Wir [ Rie — Maze 
15 
12 4 
15 20 
22 27 


(Ans: Po,=146.6) 
for purposes of 


Quantity 
E Price Rs. 


Given the following data, what index number will you use 


comparison ? Give reasons. 


Rice 


Qty Price | Qty. 
104 6.4 11 
3.7 10 
(Ро 249.1, Різ ers Index) 


Incalculating cost of living index the following weights were used D 
Food 8}, Rent 2, Clothing 24, Fuel and Light 1, Miscellancous 14. 


Calculatetht Index number for а data when the percentage increase in 
po of the various items over prices of July, 1968— 100 were 31, $7, 90, 
Sand 88 respectively. (Cast of Living Index=152.2) 
N From the Chain base index numbers given below prepare fixed base index 

numbers and verify the calculations: 
Year 1962 1963 1904 1965. 1966 


Index 80 110 120 10s 125 
(Any. 80. 88, 105.6, 110.9 and 105.33) 


ers of. real wages 


From the figures given below calculate the index numb: 
laking 1968 as base: 


Average Wages 


120 


(Ans: 770, 110, 100, 95) 


In 1950, a Statistical Bureau started an index of production based on 1944, 
With the following results: 


Year 1944 1950 1959 
Base) 
Index 100 120 20 
In 1960, the Bureau reconstructed the index on a plan with base 1959, 1960, 
Year 1959 1965 
Base) 
Index X 100 150 


In 1966, the Bureau again reconstructed the index оп Ye! another plan with 


be base year 1965. 
У Year 1965 1969 
E one (100 120 
r lain a continuous series with base 1965, by splicing the three series 
Am : 1988 (19:0 — 1999 0 1969 \ 
J ( ML. ur a 1007 
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In this chapter questions on the analysis of time series have been solved, 
questions deal with the separation of the trend from the fluctuations by 
the Method of Moving Averages, and the Method of Least Squares. 
have also been solved on the analysis of the regular and irregular fluct 
time series. Calculation of the Seasonal Variations Index has also been 
some questions. 


PROBLEM 7.1. Explain how you will deal with a time series and illi 
your M with the help 


Am of the following series of annual figures for the 
Period Annual Values 
1941—1950 208, 223, 225, 222, 239, 242, 238, 252, 29, 
1951—1960 273, 270, 268, 288, 284, 282, 300, 303, 2%, 
1961—1970 317, 309, 329, 333, 327, 345, 344, 343, 362, 
SOLUTION. 


Computation of the trend, 


and the short-time fluctuation 
the period 1941—1970, (as 


nnual values for suming a five-yearly cycle). 
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45 313 1540 303 +5 
196 317 1566 313 +4 
1%2 309 1601 320 =li 
n6 329 1615 323 +6 
1964 333 1643 329 +4 
965 327 1678 336 -9 
1966 345 1692 338 +7 
1%7 344 1721 344 0 
1968 343 1754 351 —8 

362 

360 


L PROBLEM 7.2. Explain the use of moving averages in the analysis of time 
mes. Find out an approximate moving average for the following series: 


506 1958 738 1965 1276 
20 1959 663 196i 898 
1036 1960 777 1967 814 
673 1961 1189 1968 929 
588 1962 188 1969 1360 
696 1963 745 1970 961 
1116 1964 854 1971 926 


|. SOLUTION. There is a four-yearly cycle in the given series as the time 
E. tween the consecutive peaks which lie in 1953, 1957, 1961, 1965, 1969, 


Computation of 4-yearly moving average. 


(Divided by 8) 
4-yearly mov- 


Annual 
values 


; "PROBLEM. 7 А F 
Engl *3. The following are the figures for the infantile mortality rate 
(Аз), and and Wales Pekar of 1 2 3 under one year of age per 1.000 live 


Year Rate Year Rate Year 
77 1959 60 1967 
n 69 1960 66 1968 
1953 75 1961 65 1969 
1954 75 1962 1970 
1955 70 1963 59 1971 
1956 70 1964 57 1972 
1957 65 1965 59 1973 
1958 74 1966 58 He 


Fit a simple moving average of fives to the series and apply a furti ” 
moving average of five to the result. 


SOLUTION. Quot of a simple moving average of fives of 
end rate in England and Wales and a further simple moving avera; 
t t. 


Rate (Deaths of 


nts under 5-yearly 
Year |one year of moving 
age per 1000 average 

live births) of the rates 


„ PROBLEM 7.4. The following tabl Р i he K 
city for the years 1946 го 1970 in millions ne: tig Find. — 1 


1946 527 1954 7 

9.3 1962 
1 794 1955 103.6 1963 
D 6.3 1956 97.3 1964 
15 66.0 1957 92.1 1965 
En 68.6 1958 100.1 1966 
1952 1042 120 250 1968 

Я 3. 

1953 87.2 1961 1108 1969 
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. SOLUTION. Computation of the trend of the bank clearings in the Bombay 
ity for the years 1946 to 1970. 


(4) 


Trend Trend 

Year (9 yearly (9 yearly 
i moving 
average) 


PROBLEM 7.5. Assumi " i laii 
E В 2 5. Assuming a ten-yearly cycle for the following series relating 
E Numbers of the Retail Price of wheat in India (1939—100), give the trend 

and represent graphically the shorttime fluctuations with the trend removed. 


Annual Average Annual Average 
200 


py. SOLUTION > i 
«C bers of the Retail 
of Wheat in y omae of the trend of Index Numbers 


Short-time 


Add in tens fluctuations 


р (3) (6) 
1946 и 
і 1947 
1948 
1949 
i: 
1 
= d 
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Year Production in 
thousand tons 

1967 E) 

1968 92 

1969 83 

1970 94 

1971 99 

1972 92 


(a) Find the slope of a straight line trend to these figures. 

(b) Plot these figures on a &raph and show the trend line. 

(c) Do these figures show a rising trend or Jalling trend ? 
How do you arrive at your conclusion ? 


SOLUTION. Computati ^ nm 
the Method of Least Squares on Of trend of the production of a sugar 


үт Deria Product of 
Jon from the Square | Production 
Year middle year of and time 


(1969) deviation 


(а)? 


deviation 
dm 
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һ = i% 3g = 2 thousand tons of sugar per year. 


L 77. Compute. the trend of the Sterling Assets of the Reserve Bank 
method of Least Squares. 


Year Sterling Assets 
(crores of Rs.) 
1966—67 83 
1967—68 92 
1968—69 71 
1969—70 90 
1970—71 169 
1971—72 191 


TION. Computation of trend of the Sterling Assets of the Reserve 
lia by the Method of Least Squares. 
Trend ordinate 
(crores of rupees) 
Product of 
sterling 
assets and 
deviation 


(dm) 


253.5 


447.5 


ile average of the sterling assets = ZA ls crores of 


$ of rupees is the value of the sterling assets for 5 middle year. 


gro 25 2q 
= 155 1737 22.6 «ores of rupees per yet 
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PROBLEM 7.8. The following are the Monthly Index Numbe 
Group (Food and Tobacco) issued by the Economic Adviser to the 


August 


oer 
ct. 
Jan. Nov. 
Feb. Dec. 
March 1973 
Apr. Jan. 

Feb. 


Fita straight line trend to the above data by the method ог the 1А 
and exhibit the graph of the data with the trend. b 


SOLUTION. Computation of the trend of the Monthly Ind 
ee пер 42 by the Economic Adviser to the Gov ШШ 


Time devia- 
tion from 


Product of 
Index and 
time devia- 
tion 
(dm) 


—1019.2 
— 895.3 
— 765.0 


— 642.0 
— 529.2 
— 391.5 
— 273.0 
— 144.7 

0 
+ 155.8 
+ 317.8 
- 483.0 
4- 668.8 
＋ 862.0 
-H1071.0 


+1335.6 
2160.0 


2 2662.1 


| 
` 
| 
E 
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{ Em 26621 
Average of the Monthly Index Numbers = X^ IM 


=156.6 


Хат _ 23948 
Rate of growth— Yaz = ae 


PROBLEM 7.9. Fis а straight line trend by the method of least squares to the 
ig dai 


Computed 
values of у 


he two normal equations are 


Z Q)-na--b X. (x) and 
Z())—aX G)--b G3) 
Substituting the values we get, 


34— 43324b . . . ... (i) 
216—24a--164b. . . . . (ii) 
Solving the equations we get, 
b= 6 
q—2.5 


The required equation is y—.6x--2.5 
if x=3y=(.6 x 3)--2.5—4.3 


j Thus if x—5y—(.6 5).12,5—5.5 


if х=7у—(.6х7)+2.5=67 
Thus if x—9y—(.6 X9)--2.5—7.9 


PROBLEM 710, Fir a straight line trend by the method of least squares. 


fr World production of Gold 
‘Crore ounces) 
To 127 
190 10.1 
1967 130 
1255 13.2 
180 12.6 
1970 M2 
1971 137 
89.5 
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SOLUTION. 
Fitting of a straight line trend (y—a4-5x) 


values in the two normal equations 
Z (y)=na+b Z (x) and 
Z (xy)=aD(x)+b2(x*) we Lad 
89.5 7a-1-28b.... E 
368.8 28-1400 
Multiplying the first equation by 4 and subtracting it from the second 
286=10.8 or 5—.386 
Substituting the value in eauation (/) we get 
7a—718.1 or a—11.243 


The equation y=a--bx=y=11.243+.386x 


On this basis the value of y when x—1 would be 11.243--(.386x 17) 


Similarly other values of y (when x is 2, 3, 4, etc.) have been calculati 
shown in the last column. 


The above question is now solved with a short-cut method. 


Two normal equations are : 
2 (y)=na+b5 (x) and 
A (xy)—aZG)--bX (v) 
Substituting the values we get, 


89.5. 7а or а=12,786 
10.8—28b ог b= .386 
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The equation of the line would be y—12.7864-.386x 
Now the value of y when х== —3 would be 
12.786-+( —3 х .386)—11.628 
Similarly other values have been calculated and shown in the last column. 


PROBLEM 7.11. Study the short-time fluctuations of the following temperatures 
in degrees Fahrenheit :— 


иг? 1 


Тетр. 


Seo e 
RERRSIVSSS 


SOLUTION. Computation of the short-time fluctuations of the temperatures 
red in degrees Fahrenheit from February 1 to February 20. 


р Temperature in 
degrees Fahren- 
heit 


7 days mov- ر‎ 
ing average Short-time 
(Trend) fluctuations 


SS 
S AK FSS O SO 
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PROBLEM 7.12. Using the data given below, explain clearly how you 
determine fluctuations in a time series :— 


Year Summer Monsoon Autumn Winter 


Divide by (8) 
4 seasons Mov- 
ing Average 


Year and the 
season 


(1) 


The fluctuations in lu i e 
tT ent Column (6) include both regular and irregular fluctuation 
bomen: the former from the total fluctuations, the following analysis tabs 


Calculation of the regular seasonal movement. 
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Thus, the seasonal fluctuations are : 


Summer —75 
Monsoon +25 
Autumn —19 
Winter +68 


PROBLEM 7.13. . Analyse the following figures of output of coal in Greal 
| Britain so as to arrive at the extent of : 


(a) seasonal movement 
(b) irregular fluctuations : 


Great Britain Quarterly 
output of coal 
(Million Tons) 


SOLUTION. 


Table A 


Computation i саз 
ion of the seasonal movement and the irregular fluctuations in tht 
Output of coal in Great Britain. 3 
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Table B 
10 of the seasonal fluctuations from the short-time fluctuations d 


PROBLEM 7.14. Th foll 
in the U.K, z^. The following table gives monthly cost of living index 
this period. from 1967 to 1972. Calculate the Season variation for each month duri 


pe Hak March April May June July Aug. Sept. Oct. Nov. De 
1968 168 166 ү; 165 164 163 166 164 165 167 169 1@ 
1969 167 165 165 pei 164 165 165 165 165 166 167 18 
1970 166 164 161 x 161 160 161 163 164 165 167 10 
1971 153 152 150 ig 1 154 155 157 157 156 157 19 
1972 147 147 146 47 М7 145 147 las 145 145 146 14 

14 i M2 мз 41 141 мз 143 1% 
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SOLUTION. Computation ofthe short-time fluctuations in the monthly cost 
of livin; index numbers ine U. K. frema BS 1 


Index [12-monthly| Short time 


Caiculation of the seasonal variation for each month during the period 


4 
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Seasonal 
variation 


PROBLEM 7.15 The following table gives the value of the exports of mercham 
dise froma port in India during the year 1969-70 to 1973-74. ( alculate the Seasonal 


Variation Index from the data giver. 


In crores of Rupees 


Dui p usn. 
^ 


April 
May 


June 29 
July 25 
August 22 
September 23 
October 25 
November 26 
December 30 
January 36 
February 


35 
March 40 
SOLUTION. ulatioi € Seasonal Variation Index of the value of 
a 


alculation of t 
exports of merchandise from India during the year1969-70 to 1973-74. 


Value of the exports of 
merchandise from India 
in 1969—70 to 1973—74 


Percentage of 
monthly ave- 
rage to the 


nie average of 
i F б т È monthly monthly ave- 
average rages or : 
$ 3 5 N Ч (Approx.) фено Mes 
0 = ш = tions inde: 
20 | 27 | 17 29 T 
18 28 
15 29 
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S SSB 


Total of monthly averages ... 


Average of monthly averages 
(Total divided by 12) 


— PROBLEM 7.16. The following are the quarterly! index numbers of industrial 
Production with 1970—100 (All items) published by ti 


Board of Trade U.K. By a 
[y index corrected for seasonal effects. 


——. SOLUTION. Computation of the quus index number of industrial 
production in the U.K. corrected for seasonal effects. 
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Table B. 


Calculation of the normal seasonal fluctuations in the quarterly Index numbers 
of industrial production in the U K. E prm 


PROBLEM 7.17. The following is the rainfall in centimetres in Libya for cer- 


Seasonal fluctuations +11 — 4 — 3.0 +23 
tain months. 
- 
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U the average for the period 1941-1965 as a norm, derive monta. y index num- 
br the period 1971 24 of the rainfall “corrected Jor seusonability. 


x Number for the me 1971-74 of the 
941-1905=100. 


Average rainfall 
in 1941-1965 (in 
Cms.) 


uur eee Rainfall in‏ دم یاو یم 
E cms,‏ 


EE T 
— 5 — 


no. of the price of lead from 1956- 
index of the per ↄd. Construct ап 
wholesale price level. 


Index No. of 


PROBLEM 7.18. The following is an index 
ther with the “Statist” wholesale price 
of lead prices, **corrected" for changes in the 


[7 
Year erect | Lead Prices 
price 
1956 125 157 
1957 122 125 
1958 119 109 . 
1959 114 117 
1960 96 95 
1961 82 71 
1962 79 63 
1963 78 65 
1964 81 61 
1965 83 78 
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1966 
1967 
1968 
1969 


1970 
1971 
1972 
1973 
1974 
1975 


e eee Computation of the Index numbers of the price of le 
5, corrected for changes in the wholesale price level. А 


HL. oe 7.19. The number 


Ist week 

2nd week 

3rd week 

4th week 

Sth week 

Total for 
1 


in a typical period of. five 


88 
102 


99 
94 


128 
142 
151 
155 
160 
164 


n Number 
of price of 
lead 


95x 100] 96 - 
and so on 


(in hundreds) of letters posted їп а с 
weeks was as follows :— 


В. 5 
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Average of weekly 
average 137 
Note :—Fluctuations can be eliminated from the data cither with the method 
of moving average or the method of least squares. 
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|, ‚720. Apply the method of semi-averages for determinirg trend of the follow- 
ing data and estimate the value for 1970 : 


Sales Sales 
а (in thousand units) Years (in thousand units) 
ben 20 1966 30 
1965 24 1967 28 
22 1968 32 


Lh actual figure of sales for 1970 is 35.000 units, how do уси account for the 
тепсе between the figure you obtain and the actual figure given to you. 


in. 721. Find tbe centred 4 year moving averages for the following time series 


Years 1960 1961 1862 1963 1964 1965 1966 1967 
у 30.1 454 393 41.4 422 464 466 49.2 
2 1963 1964 1965 

(ns dL 4220 4M 6542) 


given за Сотрше the trend value by the method of least squares from the data 
Year 1962 1963 1964 1965 1966 1967 1968 1969 
No, of sheep 
(in lakhs) 56 55 51 47 42 38 35 32 


O Aa. -I. Sox) 


723: Fita straight lire trend by the method of least squares. 
Milk Cons 
million g 


umption 
Hons) 


F. 18 [= 116.1 . 


7 
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7.24. The prices of а commodity during 1960—65 аге given belo 
parabola y=a+bx+cx* to these data. Estimate the price of the commodi 
year 1966 : 


960 


1961 107 1964 181 
1962 128 1965 


Also plot the actual and trend values on graph. | Җ 
[Ans: Trend : 88.82, 105.07, 124.88, 138.20, 175.30 and 
7.25. The following table gives quarterly expenditure data over am 


„Spars, Obtain seasonal corrections for the data: — 
1973 - 
100 E 


Quarter 
78 84 92 

и 6 64 70 

ш 56 61 63 

Iv т 82 83 96 


726. The trend of the annual sales of the Bharat Aluminium Com] 
described by the following equation : 


Үс=12+0Лх F 
where 1970=0 
x unit l year 
and y unit—annual production. d 
7 equation down to а month to month basis, and shift the origin to Ja 


7.27. А store has an annual trend equation for its sales index at 
71887100 CJ 
If its December seasonal is 200 and its July seasonal 60, which was a relati 
s ; iv 
WDR for i D Ead When the sales index was at 70 or. December 


728. Obtain the seasonal fluctuati ing ti 1e 
Quarterly output coal for ya m from the following time series: Е 


Years 


7.29. Find trend values (mixed wi i i 
* with cyclical movements, if any) from th 
lowing data of output, by the method of DOS averages : : 


Interpolation 8 


k " bd 
Interpolation means the insertion of the most 1 масен ron 
series. Interpolation is based on two assumptions; m RA 1 Hut ot change 
Changes continuously without any break, and seco 15 these e 
is uniform, and there are no sudden jumps in the 5 5 us anî unlikely oe. —In 
not fulfilled the interpolated figure would be a ficti аса has anen ind we 
some problems that have been solved here such а 2 have Бастан 
have given brief notes at the end of such questions. оси ا‎ 
mostly by important methods of interpolation, yiri а Binomial EXPANSION 
Newton's Method, Newton-Gauss Method, Herde dedii questions 
Method, Lagrange's Method and Method of Divide erenc 
have been solved by other methods also. 


PARABOLIC CURVE METHOD 


х ‚000 popu- 
PROBLEM 8.1. The following table gives the death rate per 100,000 рори 
tion on account of T. B. in a certain district of Utta 


Year Death rate 
1966 = 
1968 180 
1970 


| Estimate the death rate for 1969. se 
SOLUTION. Estimation of the death rate for 1969 by a parabolic 


Deviation from the 
year 1949 x 
Death Rate y 


i la of the 2nd 
Since the known values are three, we will take a parabola 
Order viz, 


Y abe i uations, 
Substituting the different values of x and y, we get the following eq @) 
ү 160=a—3h+4-9¢ Z m 16 (i) 
175—a— b+ c * “4 4 Qi) 
| Jy =a « и * 0 
; 180=a 6+ c y тыншай death-rate for 1969 , 
To deduce the value of y, which will give the estima! 
We ES as follows : 
dd (ii) and (iv) ; ©) 
3552045, , en s t 
Multiplying (iv) by 3, 85 (i) 
540—3a-L-35-L3c uU e 


Add (i) and (vi it 
70040 J25 Ss m (vii) 
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Multiplying 2 by 6 
2130—1244-12с * 25 ۴ 
Subtracting (vii) from (viii) 
8a—14. 
or a—178.75 
Therefore y, =178.75 - 


Thus, the estimated death-rate for 1969 is 178.75. 


PROBLEM 8.2. The pressure of wind in pounds per square foot, spond- 
ing to the velocity in miles per hour has been determined by n to be 


tely as follows :— 
Velocity e 
Pressure 2 


Estimate the pressure for a velocity of 35 miles per hour. 
SOLUTION. Estimation of the pressure for a velocity of 35 
by the method of fitting a parabolic curve. e miles peria 


order, viz. 
y—a-Fbx--cx?-- d? 
Substituting the given values of x and y in the above we get the following 
equations. 
2—a—3b +9с—274 ^e m a 0 
44—a—b4 c— d " € 2 @ 
»=а I ^m 5 (ii) 
19=a+ b+ c+ d E A E: @) 
1312—a + 3b +9с +214 m @ 
To deduce the value of yọ, which will give the pressure for а velocity of 35 
miles per hour, we proceed as follows : 


Since the known values are four, we will takea parabola of the = 


Adding (i) and 0), 
15.2=2a+ 3 n 1 (i) 
Adding (ii) and 9» 
12.3—2a + 
or 110.7 18a 2 18e i. a T (vil) 


M oe АЫ (vi) and from (vii) 


Therefore, m 97 
Thus, the estimated pressure for a velocity of 35 mites per hour is 5.97. 


PROBLEM 83. The following table sh vediate lf 
Bie ped pee foli ing e shows the value of an imm 


Age in years Annuity € f ) 
40 62 
4 7.2 
9.1 
70 12.0 


Interpolate for the age 42 
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SOLUTION. Interpolation of the value of a life annuity for the 42 by a 
bolic curve. 


Age in years 
—— 
Deviation from (42) 


Taken as сок: поп from 
the deviations 2 


Annuity | £) 


Since the known values are four, we will take a parabola of the 3rd 
y viz., 


у=а+ x«cxtedx? 
Substituting che different values of x and y we get the following equations;— 


6.2—a— b -d .. e e [0] 
'yo—a : m ^ E (i) 
12—a + 4b + 16c + 64d e z (iil) 
9.12 a - 9b + 81с+ 7294 x m + (ir) 
120a 146 + 196с+ 27444 .. e. () 


To deduce the value of yọ which will give the imd value of a life 
annuity for the age 42, we proceed as follows:— 


Марла) by 4, 
4.8 = 4a — 4b + 4c— 4d e 2 E 
M (iii) and (vi) 
32.0 —5a + 20c + 60d 


or 384.0 —60a + 240+ 720d — .. ы e Wil) 
аан (i) by 9. 

55.8—9a — 9b +9c—9d ^ ^ i c 
Ping (iv) and (viii) 

4.9= 10a + 90c + 7204 © D so 049 


E (ix) from (viii) 
319.1 = 50a + 150c 


or20103.3—3150a--9450c — .. an „Ж 2 
peeling (i) by 14 
85 8 14a Lab 140d a E 


Adding (v) and (xi) 
98.8 а 15а + 210c +27304 
d 7113.62- 1080a + 15120c - 1965604 3 Y o 
Шр ирг (ix) by 273 
su tT: = 27306 + 24570e + 196560d p „ odit) 
ul tracting (xii) from (xiii) It 
604. == 16500 + 9450с = 
ея (xiv) from ( x) 
9,499.2—1500a E 
Therefore, a 26,333 ? j 5 Е Кы ii 
„ Yo S6. 333. м : 333. 
Thus, the estimated value of the ше ааш tor ina — 


PROBLEM. 8.4. The following table gives the census of population of an 
n State in 1941, 1951, 1961, and 1971. 


India 


` 


2219222 ETC ETOOIEPUS Іп IGILSTICS 
^or Estimate the population of the State in 1964, making your method clear, 


Population 
"T те $ — ) 
1941 2797 
4931 - 2,935 
16 3,047 
1971 ] 3,354 


— . 


„, SOLUTION, Estimation ofthe said state in 1924 by fin. s ap 
curve. E 


| [з= Г 
COR REIT 
[uw [ies [ee | ; Е. 


take a parabola of @ 

2 D же known c are four, we will p 
ni уза e bx e ex* e di? 

` Substituting the different values of x and y, we get the following 
Е 
Nn. - 529с—121674 .. 
m 2935 =a—13b +169с— 21974 .. i — 
Cos U347-a— 364 ^9— mad... X m 


yore 
3 3354=а+ 70+ 49с+ 343d 
" 
д, To deduce the valuc 22 which will give the estimated Poi ao 
state in 1964, we proceed as follows: 
- Multiplying (i), (ii) and (v) by 3 and the (iir) by 23, 13 and 7 
we get 
zo | 8391 =3a—69b  1587c—36501d 
h 8805 = 3a—39b + 507с—65914 
10062 = 3c + 21b + 147с + 10294 
70081 = 23a — 69b + 207c -621d 
iz? 39611 = 13a—39b + 117с—3514 
21329 =7a—21b + 63c—1894 
in PLUME do AG from GRA аа и) from (x), 


n vm wd а 


31 Te Me Side aod 


Mul xii) and ^ nd 13, 
2933 (x ) (xiii) M ا‎ (xiv) by 46 an 


e ееш 
1443986 = 460c + 9660c +386404 ў; 1 
408083 130a + 2730c + 109204 A 122 


MR к ов ою) and (xviii), 


623725 = 200a-++-54600d 


A 
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ї ying (/ by 13 and (90 by 69, 1 à nv E 
24385608 = 75000 4- 3767400d in eo (n) 
43037025 = 138000 + 37674004 ла „ (xxii) 
Subtracting (xxi) from (xxii), 
18651417 = 6000a d 
Therefore a = 3108.5695 „м 


Or = yg = 3108,5695 ‚ 
Thos the population of the given state in 1964 is estimated at 3108 5695 


(thousands). , 
PROBLEM 8.5. Estimate the annual sales of pencils for 1970 from the follo- 


wisg records of wholesale merchants. 
Я Year Sales of péneils in lakhs of dozens 

1960 225 

1964 » : 

1968 40 | 
1972 ЗДА, Абе б 
1976 60 z p 

{ог 1970 


SOLUTION. Interpolation of the annual 


taken as common 


Mn deviation 


“Sales of pencils in 
lakhs of dozens. х : 
Since the known values are five, we will take а parabola of the 4th 
Onder, viz. 4 
у=а+Ьх + сх? ex ^ І 
Substituting the given values of x and y, we bel the following equations. : 
25-a—55425c—l25d 4 be 5 “журе о 
30=а—35+ 9c— 20d 8le . e — 
40 0 — b+ c— de e en -5 (ш) 
=a ү? "a TIR 
$5ta4 b+ cr dk € = ын t 1 


6@=а+3Ь+ 9c 274+ Ble ... — › Aus of 
To deduce the value of yo, which will give the estimated annual sales 
pencils for 1970, we proceed as follows : 


Multiplying (у) by 5 and 3 
275= Sa + SD + SC + 5A +S © 5 Ж of 
16530 4 3ba3c 3d % „ СШ. 0 
Adding (i) and (vii), 1 e 
300 =6a + 30c—120d 630€ — -- а e 000 
Adding (17) and (viii), evar 
195 =4a + 12c— 24d + 84e ج‎ E 
ог 975 = 204 60c—120d + Ae . E LAMP 0 
Subtracting (ix) from (X), " bh 


675 = 14a + 30c—210e E m 
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Adding (i) and (ri), and (iif) and e 
90=2а+ 18c162e 
95 = 2а+ 2c + 2e 

Multiplying (xiii) by 15 and 9, 
1425 = 300+ 30c + 30e .. 
855 = 18a + 18c + 18e З 

Subtracting (xi) from (xiv) and en from (xv), 
750 = 16a + 240c 
765 = 160 = 144e 

Multiplying (xvi) by 3 and (xvii) by 5, 
2250 = 48a  720c Aa 
3825 = 80a + 720e 

Adding (xviii) and (xix), 
6075 = 128a 

Therefore а = 47.46 
ог yo z 47.46 


Thus, the annual sale of pencils for 1970 is estimated at 47.46 lakhs ol 


S sz Bog 


A» 


£i 


NEWTON'S METHOD 
соем M 6. 2 Newton's for. vri, for pte for equal int 4 
assump! underlying it. Use it to find the annual net premium at age 

from the table given below :— сы] f 

Age Annual net premium 

20 01427 

24 01381 

28 01772 

32 01996 


lm Interpolation of the annual net premium at age 25 by New 


Difference 


Age 25 Net 
Gn years) premiums 


91427 y, 


20 
24 | 0158! yi | 00194 At 
28 x2 | 01772 y, | 00191 Au 3 
32 I 019% y | 0024 л, 
<= of interpolation—Year of Origin _ 25—20 . 3 


istance between adjoining years "OM 4 
^ RUN the above values in the Newton’ $ formula 


+ MID x(x—1) (x—2) 
ух= yat xA! 2 3 
ot x}, ТЕ ANE DORT Аъ 


where yx represents the premium at age 25, which is to be interpolated. 
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1.25 (1.25—1) (00037 
— LI 


4125025 -1X1.25—2)(—.00004) 


1x2x3 
001925 +-.000578 + .0000016 =.0167742 = .01678 approx. 
the annual net premium payable at the age 25 is .01678. 


EM 82. The following are the annual premiums in a certain Life 
Company for a policy of Rs. 500 payable at the death with an agreed 


1.25 x .00154) 4 


late the premium at age 36. 


ION. Annua! premium on a life policy of Rs. 500, and their 


premium 
in Paisas 


- - =1) (x=2 
yxs ور‎ x Als 5 a Ne = o ) VL 
ва уези 
1x2X3x4 0 ; 
e ух represents the premium at age 36, which is to be interpolated. 
2.2 (2.2—1) (80) 2.2 (2.2-1) (2.2-2) (14) 
ага: 2 m 1х2х3 
22(22-1) (2.2- 2) (2.2-3) (5 
K KS ШЫ. 
YX = 2462 + 675.4 + 105.6 + 1.232 –.088 
Or yx s 3244.144 paisa. 
Thus, the premium at age 36 for the said policy is esti 


^ 


22462--(2.2 X 307) + 


imated at Rs. 32.44 paisa 


Alo „ E E 
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PROBLEM 8.8 The following table gives the quantities of а cer 
of tea demanded at prices noted against each. Estimate the probable 
the price is Rs. 1.87 per packet. 


Price of tea Quantity demanded _ 

per packet in thousands of 
Rs. Packers 

1:25 ‹ 82,5 

1.50 70.8 

1.75 63.4 

2.00 55.0 

2.25 48.9 


SOLUTION. Quantity of tea demanded at given. pri 
differences. ў 


X4 х 
Rs. 1.87)—(Rs Ер, 
алт) = (Rs.1.75) ~ 25 — 248 paisa 
- Substituting the above value in the Newton's formula of interpolation 
x=) x(x— 1) (x— 2) 

ху XA i М 
EMF Доя ттуу Ant TED. Ar 

Hoot xx - 1) -2) (x - 3) a - 
ЖЫЛ о Гх2х3х4 Г Ao > 
Where ух represents the thing to be int ted, that is the deman 
price of Rs. 1.87 in this cage. 0 етн i 
We get, 


эх=82.5+ (2.48 x 11.) OD. 


+248 (2.5- 1) (2.5-2)x -4.4 


1 

Ix2x3 

4248 Q.5- 1) (2,52) (25 -3)X6.8 
1x2x3x 


Or ух:=82.5 – 29.01 + 7.44 - 1,364- 2633 
Or ух==59.31 thousand packets 


Thus, the estimated d i i E h 
— 55 emand of tea at a price of Rs. 1.87 is 59. 
de ROBEEM 8.9. The gross profits of the Bulsar Sugar Co., Ltd. dh 
Years Gross profit P. 
(їп lakhs of rupees) 
1965—66 4.86 
1967 —68 12.64 
1969—70 13.68 
1971—72 16.65 
1973—74 3 
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SOLUTION. Gross profit of the Bulsar Sugar Co., Ltd., for the given 
mand their differences. 


Year of interpolation —Year of Origin 
-13— و‎ 
чаш Time distance between adjoining years 
—_ (1972-73) —(1965-66) 3.5 
7 (1973-74) (1971-72) * 


P- Tear of extrapolation --Year of Origin 
xd 8 Time distance between adjoining years 
_ (1974-75)—(1965-66) „ р 
(45775 4197770 4755 
Substituting the given values in the Newton's formula: 


1 -DG-2) 
yx—yo xls + хадаж a PP ANNE 


x(x- 1)(x-2) (x- 3) ла 
1x2x3x4 » 
Whee yx represents the thing to be interpolated or extrapolated 
e get, 
- (I) Estimate of the profits for the year 1972-73. 
yx (1972-73)—4.86 + (3.5 x 779433 Bao 


435(5—1) (3.5—2) x 8.67, „3.5 (3.5—1) (3:5—2) (3,5—3) х.—6.93 
1x2x3 3 X2x3X4 |. 


ог yx (1972-73) —4.86 + 27.23-—29.488 + 18.9656—1.894 
| Oryx (1972-73)— 19.6736 lakhs of rupees, 
- @) Estimate of the profit for the year 1944-45. 


5 — 14 
LO (1974-75у——4.86 + (4.5 7804 435 cet 


о-и. 4.5 (4.5—1) (4.5—2) (4.5—3)x —6.93 
I FER T 1x2X3x4 


x (1974-75)4,86 + 35.01— 53,0775: 56.897—17.0503. 

| yx (1974-75) — 26.635 lakhs of rupees. 

nf (ott the estimated gross profits of the Bulsar Sugar Co, Ltd, for 1972-73 

piers аге Rs, 19.6736 or (19.70) lakhs aod Rs. 26.635 or (26-65) lakhs 
PROBLEM 8.10. Esti l i lation, the expecta- 

] Звао, b thod of interpolation, гре 
el агаве 22 from — E the assumption underlying the 
E used by you :— 


20 25 30 35 
22 10 15 


of lije (in years) 354 322 29. 260 231 204 


[wmm уча 


ЧЕ У" 


1 


e س‎ з MENU 
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SOLUTION. Interpolation of the expectation of life at age 22 by News 


Year of in ion—Year of Origin _ 22-10 — 12 
me Distance between adjoining years 25-20 5 4 
Substituting the given values ia the Newton's formula of interpolation, - 


- -1 - 
Ir % +×, + Mus ANE wae e 2 лз, 
x — 1) (x - 2) (x- 3) *x-1)(x-2)(x-3)(x-4) Ag 
l 


Where vx represents the thing to be interpolated, that is, the expectatio 
Ше at age 22 in this case. 
We get, 


4 (2. — 
yx—354 + (24 x —32)4. 24 LAG م‎ x H 3 
4,24 (24—1) (24—2) (2.4—3)x 3 


= 2.4 


1х2х3х4 
+24 (24—1) (2.4—2) (2,4—3) (2.4—4) x —.5 
1к2х3х4х5 


ог ух=35.4—7.68 +.168——.0226--.01008—.005376 

Ог yx—27.85 years. 

Thus, the expectation of life at age 22 is 27.85 years. 7 Р 

PROBLEM 8.11, [fix represents the numbers living at age x ina 55 
find as accurately as the data will permit, Ix for values of x= 35, 42. 
given. Р 

bog = 512 : % = 439; 1 346; % = 243. "T 

SOLUTION. Interpolation of numbers living at ages 35, 42 an 
Newton's Method. ; 


ге 


Numbers 
living /x 
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9 оѓ DEP of Origin 
Distance b djoining years 


ibstituting the given values, we get 


n 
42-20 22 22 
50-40 10 . 

220 727 255 
50-40 10 


ing to the above data, the Newton's formula 


PNE: D A ре 2) A, 


Те yx represents the thing to be interpolated, that is /x in this case, 


Xas OF 1,512 (15x - 73). 15 13-0х zm 


415(.5- 0) )1.5- ms 
1x2x3 
n 
Of 15,512 - 109-50 — 7.50 —.625 or 13,—394.375 
(D yrs or 1,512 «22x -79) 2202-079 


4,22 Q.2- 1) (2:2- 2) «10 
Ix2x3 
012—512 - 160.6 — 26.4 4.88 or J49=325.88 or 326. 


Ухт OF 155—512 + (2.7 -73)4- ол = 


423 (2.7- 1)(2.7 –2)х10 
1x2x3 
11—512 - 197.1- 45.9 4 5355 or 274.385 


dus, the interpolated values of Jas. Jig and laz are 394, 326 and 274 respe- 


BLEM 


y^ n 12. Estimate the expectation of life at the age of 16 years 


3 Age in years Expectation of life 
’ 10 354 

15 323 

20 29.2 

25 26.0 

30 32.2 


* 35 20.4 
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SOLUTION. Interpolation of the expectation of life at age 16 by 


tion of 


E pep [8] 


х= Year of interpolation yearof origin 16-10 ےک‎ 
ime distance between adjoining years “20—15 ^ 5 
Substituting the given values in the Newton's formula of interpolati 
ы: х(х-1 =1) (x-2 
v % e = ) NE xt i — ) A’, 
s x(x—1) (x-2) (x—3) 
039—2 At 
X D) (x-2) (x -3) (x -4) AS 
X2x3x4x5 0 
Where resents i 3 is, the 
Bis stage 1 Cin р маң the thing to be interpolated, that is 


We get, 


3 Р 12(1-2-1)х.0 , 1212- 0(.2-2X* 
Уха 35.4+ )1.2 × -3.1)4 I eer amd 1x2x3 { 


+1!12@.2-1) (1.2—2) (1.2—3)х9.6 


1х2х3х4 


1.2(1.2- 1) (1.22) (1.2-3) (1.2- 4х 
2 Tx2x3x4x5 


Or yx=35.4—3.72—0 + 0032 4.13824 + .374976 
Or yx—32.196416 


Thus, the expectation of life at age 16 is 32.20 years. l 
PROBLEM 8.13. From the following data, estimate the number o 


earning weekly wages between 60 and 70 rupees. 
Wages in rupees No. of persons 
in thousands 
Below 40 250 
40 60 120 
60 80 100 
80 100 77 


100 120 50 
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SOLUTION. Interpolation of the number of persons earning wages below 
rupees. 


No. of 
persons in 
thousands 


(у) 


Substituting, the above values in the Newton’s formula of interpolation. 


м 1 XIX) Ai xx—l)(x—2) з 
BERTAN 1x2 Aot Ix2x3 2% 
X(x—1) (x—2) (x—3) „+ 
* 1X2x3 Ao 
Where yx represents the thing to be interpolated, that is, the number of 
Mons earning wages below 70 rupees in this case, 
We get, 
ух=2 1.5 (1,5—1)Х—20 | 1.5 (1.5—1) (1.5—2)x—10 
5 >20 Fe 


i +15 (1.5—1) (1.5—2) (1.5—3) x 20 
ЇХ7х3Х4 


Ot yx= 250-1-180—7.5--.625--.46875 = 423.6 thousand persons 
i the number of persons earning weekly wages below 70 rupees is 423.6 


and the number of persons earning wages below 60 rupees is 370 thousands, 


Spel the number of persons earning wages between 60 and 70 rupees 
1 :6—370) i.e. 53.6 thousands. 


PROB 7 E ers 
000 LEM 8.14. Estimate the number of persons having incomes between 
and 1500 in the table given below in the groups A and B. 


4 Income 

No. of persons No. of persons 
- x М. Group A Group B 
Ew зш 6000 5000 
Bru. 100 4250 4500 
E ao, o 3600 4800 
E2000 1500 2200 
3000—4000 


650 1500 
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5. = 0001—0008 — 


aul Suiurofpe ол DD suq q r 
UIZLIO ЈО 9urio2u|—uone([odisjur jo awu] ii x 


Я pue y $4полгу ш soodn1 00с[ ^ojoq әшоош Зшлец suosiad jo umu ay) jo uonewnsg 'NOILOTOS 


3 
SOLUTIO: 


19 


© yx=9500-1(.5 x 4800). 


| = 9500-+-2400-+-325-++118.75 = 1234315 ог 12344 4 { 
Thus. the number of persons having incomes below Rs. 1500 is 12391 in 
dup А and 12344 in Group B. ! Я 55 
ber of persons having incomes below Rs. 1000 is 10250. in 
А and 9500 in Group B. A ВШ: a 
herefore the number of persons having income between Rs. 1000 and Rs. 3 
is 2141 in Group A and 2844 in Group B. \ 
PROBLEM 8.5. Find out by interpolation from the following. data the num- 

f workers earning Rs. 24 or more but less than Rs. 25 : 


id the num 


40 


N. Estimation of the number of workers earning less than Rs. 
wton's Method. 
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Where yx represents the thing to be ini 


Earning less than 


For Group A. 


For Group B. 


1x2 


ituting the values in Newton's formula. 
yee y Exp 0). Arp Ec A, 


terpolated, that is, the number of 
ns having incomes below Rs. 1500 in this case, l a 


1x2x 


1xX2X3. 


Number of workers 


Earning of interpolation-—Earning of origin 
Difference between two adjoining earnings 


24—20 4 


250 3 


=8 


Third 
MN 


x= 10250.1(55:3600)1- 8 (5-2 E 1:5 (5—1) 5—2)x 1230 . 
= 10250-1-1800--262.5-I-78.125 = 12390.625 or 12391 


5 (S—1)xX —2600 5 (.5—1) (.5—2)x 1900 


D 


Fourth 
A 


А 
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Substituting the above values in ihe Newton's formula of interp 


pem yx AS Ла GUE) A4 «x 


x(x—1) (x—2) (x—3) ле; 

Tx2x3x4 6? 

Where yx represents the thing to Бе interpolated, that is, the nun 
workers earning less than Rs. 24, in this casc. 


"er 8—1)x—98 —,.8,8—1) (8—2)x7 
r 


48 (8—1) (8—2) (.8—3) x 18 


Ix2x3x4 
= 296-- 242.4 4-7.84--.224 —.3168 = 546.1472 or 
= 546. 


Thus, the number of workers earning less than Rs, 24 is 546 

and » » „ " p Rs. 25 is 599 

Therefore, the number of workers earning Rs. 24 or more but less tl 
25 is (599—546) = 53. 

PROBLEM 8.16. The following table relates to income earned per 
a certain number of workers in a big manufacturing concern, 


Earnings per day Number of workers E 
in rupees 
Upto 10 50 
20 150 
30 300 
40 500 
50 700 
60 800 


It is required to find out the number of workers (a) falling with in Rs. 25 - 3 
earning and (b) earning above Rs, 42. 


SOLUTION. Interpolation of the number of workers whose earnings 
to Rs. 25, Rs, 35 and Rs. 42 per day. 


x Framing of interpolation—Earning of origin 
ifference between two adjoini i 
Substituting the values, we get, 3 


0 
3,7 3050 10 5 
10 
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42—10 32 
ta" 5—4 "10 77? 


Applying to the above data, Newton's formula of interpolation. 
بر‎ yox AM," کے‎ e E AS UI D A 
x (x—1) (x—2) (x—3) 44 x(—1) (x—2) (x—3) (x—9) A 5 
e СЕ ОЛЕШ КО 
Where yx represents the things to be interpolated. 
We, get, 
(1) Number of workers whose earnings are upto Rs. 25. 


as (30:30 BEES) E 
„155—1 (1.5—21.5—3) x 50 
1x2x3x4 
E- 1.5 (1.5—1) (1.5—2) (1.5—3) (1.5—4)x0 — 
x2x3x4x 
= 50-150--18.15—0—1.1719—0= 217.5781 or 218 
(2) Number of workers whose earnings are upto Rs. 35. 


= 50.02.5100) 25 25) х 50 425 с Gr qne 


+ 25 2.5-1 05-2 0.5—3)х —50 


4 2525-1) Q.5—2) Q.5—3) (2.54) x0 
1x2x3x4x5 


= 50-++250-4-93,75-+-0-++1.9531--0 = 365.7031 or 396 
'(3) Number of workers whose earnings are upto Rs. 42. 
уха 504 (2-100) 2 mr x50, EIE. 2)x0 
a. 32 (82—1) (3.2—2) (3.2—3)« —50 
4 1x2x3x4 
+ 32 (3.2—1) (3.2—2) (3.2—3) (3.2—4) x0 
= Ix2x3x4x$ 
d = 50-+-320-+-176-+0—3.52—0 = 542.48 or 543 
Thus, the number of workers earning upto Rs. 25 is 218 
and » Rs, 35 is 396 


Therefore the number of workers falling within Rs. 25-35 
earning group is 396—218 = 178 
E 


Similarly the number of workers earning upto Rs. 42 is 
and the total number of workers is | 
Therefore the number of workers earning above Rs. 42 is 800—543 =257. 
de PROBLEM 8.17. The following are the marks obtained by 492 candidates in 
ertain examination ;— 
Not more than 40 marks 212 candidates 
Not more than 45 marks 296 candidates 
Not more than 50 marks 368 candidates 
\ Not more than 55 marks 429 candida tes 
7 Not more than 60 marks 460 candidates 
j Not more than 65 marks 481 candidates 
Not more than 70 marks 490 candidates 
Not more than 75 marks 492 candidates 


5 — 2 out the number of candidates who secured more t 


han 42 but not mere than 


| 


\ 
8 
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„ Marks of interpolation—Marks of origin 42—40 Ed 
X = Difference between two adjoining marks 4340 ` 
Substituting the above values in Newton's formula of interpolation, 
x(x—l) „а , x(x—lD(x—2) و„‎ 
pa Aot "nox Dat 
x(x—1) (x—2) (X—3) ng 
1x2x3x4 Aot 

x(x—1) (x—2) (x—3) ix—4). 4 s 

1х2х3х4х G 


x(x—1) (x—2) (0—3) (х—4)(х—5) „е 
BESTEST S А °+ 
х(х-—1) (x—2) (х—3) NY D A 
1х2х3х4х5х6х7 d 


> Where yx represents the thing to be interpolated, that is, the number of can- 
A didates securing not more than 42 marks in this case. 


Na- 212 + (4x 84) E! cce , 2 x1 


„ 4(4=1) (4-2) (4—3)x—20 
1x2x3x4 

s 4 (4—1) (4—2) (4—3) 2 
1х2х3х4ҳ 

45 CD CA—2) (4—3) (4—4) (4—5) x —120 

a 1x2x3x4x5X 7 


4 (4—1) (.4—2) (4—3) (4—4) 4—5) € * 210 
mies XIX3X4X5X6X \ 


Огух= 212 + 33.6 + 1.44 4.064 . 832 4 1.7672 + 2.756 + 3.858 
= 256.3172 = 256 2 
Thus, the number of candidates getting not more than 42 marks is vos 
and the number of candidates getting not more than 45 marks is 296. 
T Therefore the number of candidates who secured more than 42 but not more 
- Шап 45 marks is 296—256 = 40. 
= four successive 
50—55. 


PROBLEM 8.18. The foilowing are the number of deaths in 
ten-year age groups. Caleulate the number of deaths at 45—50 and 


yy xNVE 


3 13,229 
коч 18,139 
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Age of interpolation—Age of origin 
** Difference between two adjoining ages ча 
Satsing the values, we get, 


oe еде oa 
Applying to the above data, Newton's formula of interpolation, 


x (x—nh x (х—1\(х—2) 
эке љад “Toy Ate EE дә, 


Where yx represents the thing to be interpolated. 
We get, 

The number of deaths at the age 50. 

yx50 = 13,229 + Q.5x 4,910) + SU 


2.5 (2.5—1) (2:5—2) x9 
5 1x2x3 


= 13,229 + 12,275 4 2. 205 + 2.8125 
= 27,711.8125 — 227,712 deaths 


Thus, the number of deaths at age 50 is 27,712 
atid"; A „ 45 is 24,225 


Therefore the number of deaths between 45—50 age group is 


27,712—24,225 = 3,487 
Similarly the number of deaths upto 55 is 31,496 
an is oa 50 is 27,712 


Therefore, the number of deaths bet 0 is 31,496 
27, 112-3, 784. ооу. 


PROBLEM 8.19. The following are the amounts of income tax paid l 
businessmen of certain district of Uttar. Pradesh in the year 1970 :— 


More than Rupees 500 * 600 \ 
More than Rupees 1000 эў 550 р 
More than Rupees 1500 "e 45 
More than Rupees 2000 i 275 ч 
More than Rupees 2500 * 100 
More than Rupees 3000 25. 


Find out the number of businessmen who paid m, han Rs. 1,200 bu 
more than Rs. 2,400 pec tax, Renee, more. fa ü 


SOLUTION. Interpolation of the number of businessmen who p 
than Rs. 1,200 but not more than Rs. 2,400 as income tax. 


tax is 


More than Rs, 400 as income-tax is (503-134) 369. 


Polation is based ? Fi > inte 
intervals, ed? Find out Newton's formula for 


Nation : 
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E. Income tax of interpolation—Income Tax of سا ج‎ 
Difference between two adjoining amounts of income tax 
Substituting the values, we get, 
120—500 700 14 
o 1700—1000 500 


2400 —500 1900 
г 502—186 


Applying to the above data Newton's formula of interpolation. 


= — (x—2) 


дх—1) 0—2) (8—3) ng ر‎ 309—092) (03) 94) pg 
à 1x2x3x4 Att Ix2x3x4x Ao 


Where yx represents the thing to be interpolated, 


We get, 


1. Number of businessmen who paid more than Rs. 1200 as income tax. 
Yay" 600 + (1.4x—50)4- ся Dx 
„14@4—1) (14—2)x 50 1.4 (1.4—1) (1.42) (1.4—3) x – 50 
1x2x3 b dx БУ ED 
3 1.4 (1.4—1) (1.4—2) (1.43) (14—4) X 175 
1х2х3х4х5 
OF YX, = 600—70—21—2.8—1.12—2.0384= 503.0416 
or yX15og7 503 
2. Number of businessmen who paid more than Rs. 2400 as income tax. 
3.8(3.8—1) x —75 


52300 = 600 + (3.8 x 50) + D 
„ 33(38—1) (3 8—2) x 50 3.8 (3.8—1) (3.823.831 —50 
1x2x3 * За ЕЩ 
1.3.8 (3.8—1) (3.8—2) (3.8—3) (3.8—4)х115 


1x2x3x4x5 
“OF YXo499= 600—190— 399 + 159.6—31.92—4.4688 = 134.212 
OF X240, = 134. 


- E the number of businessmen who paid more than Rs. 1200 as income- 


and the number of businessmen who paid more than Rs. 2400 as income- 


^ fax is 134. 


Therefore, the number of businessmen who paid more than Rs. 1200 but not 


which the method of inter- 


PROBLEM ions on 
8.20. What are the assumption. drca cast enel 


The following are the marks obtained by 492 candidates in a certain exami- 


Not more than 40 marks, 210 candidates 
Not more than 45 marks, 253 candidates 
Not more than 50 marks, 307 candidates 
Not more than 55 marks, 381 candidates 
Not more than 60 marks, 413 candidates 
Not more than 65 marks 492 candidates 
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Find out the number of candidates (a) who secured more than 48 but 108 | 
than 50 marks. (b) less than 48 but not less than 45 marks. 
SOLUTION. Interpolation of the number of candidates securing 
chan 48 marks. 


Г ы 
Second Third Fourth y 
A A: A A 


＋ 11 A2, 
Ah *9|A5 
420 AS 62 AS E: Ah 
—42| A3 * | 151] A5 
+89} д2, 
+47) AY, 


` „ Marks of interpolation—Marks of TORT TM 8 ШЕР 
nce between two adjoining marks 50—45 5 i * 
Substituting the above values in Newton's formula of interpolation, _ 
1, x(x—U x G—1) (x—2 
Wee e be XT ? A% 


x (x—1) (х—2) (x—3) X (x—1) (x—2) (x—3) х—4) 
DOE WU STET Af 75 — 8525 SrA A% 


Where yx represents the thing to be interpolated, that is, the numb 
, candidates securing not more than 48 marks in this case. | 


Jug 2104 (16x45) + 1506-Dxn »16(1€—D 0.6—2x9 
+ 14 @6—1) (6—2) (1.63) 71 
4 


1x2x3x 
416 1.6—1) (1.6— 1.6—3) (1.6—4) «222 
х4х 


1х2х 
OF yXag = 210 + 68,8 + 5.28— 576 1.5904—2 386944 = 284.08— 4.553344 
279.526656 = 280 candidates. 


js a? Thus the number of the candidates getting not more than 48m 


за the number of candidates getting more than 50 marks is 307. 
erefore, the number i ks. 

cor 2 ue dece га * Who secured more than 48 m 
аа, аст candidates getting not more than 48 marks is 280. 


candidates getting not more than 45 marks is 253. 


Therefore, the E 
than 45 is 280-253 faber of candidates Who secured less than 48 but 
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Marks No. of students 
30—40 31 
40—50 42 
50—60 51 
60—70 35 
70—80 3l 


ха Marks of interpolation—Marks of origin 
: oa between two adjoining marks 


730—40 ^19 ^^ 
Applying to the above data, Newton's [ш 2) 


656—0) (x—2) (к—3) ла 


We get, 1х2х3х4 


5—1) (.5—2) х—25 
3945531 (.5 x 42)4 S 065 


MESNET E 


| 

= 1х2х3х4 

К 731 +21.0—1.125—1.562—1.445 =47.968 =48 

| Thus the number of students who obtained less than 45 marks is 48. 

-... PROBLEM 822. Extrapolate population of a town for 1976 from the follo- 
wing data about its population during the previous four censuses 2— 


Census Year гоа in thousands 
1941 47. 
1951 468 
1961 454 
1971 484 


LUTION. Extrapolation of the population for 1976. 
Differences 


^ - Alani ee dedi d. o АА 


TC CREW. 
5 
л 
2 
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S Year eee rapolation—year of origin 
Ж ifference between two joining year- 
© 1976—1941 _ 35 3.5 
1951—1941 10 
Applying to the above data. Newton's formula 
1 — —2 
green “су A+ ла, 
We get, 
ر‎ = 4134 (35x—5)4 :993-Dx—9 
+3-5(3.5—1) (3.5—2) x 53 | 
r | 
=473—17.5—39.375 + 115.937= 532.062 | 


Thus the extrapolated figure of the Population for the year 1976 is 5 
(thousands) 


PROBLEM 8.23 
well as the general term о, 


QU NS NS 23 99. .... 130. 


а) By constructing a difference table, find the 7th term 
the sequence : 


(b) Given 
Sin 45% 20.7071, 
Sin 50% = 0.7660, 
Sin 559 0.8192, 
Sin 60° — 0,8660. 
Find sin 529, by using any method of interpolation. 
SOLUTION. 
(a) 


* 6 


The value of the 7th term or 
Ув= Jy Al y, TAM EAS 

Since the second differences are all equal = 2 
5 20842830 
Ordinarily the general term of Sequence in Newton's formula is 


e x(x—1 
X Yo x INI. A G 
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In the above case »=0, and A, isalo0. The value of 02 and 
=u. Therefore the general term of the sequence would be 


x(x—1) 
2 


(6) Interpolation of the sin 52? by Newton's method 


ух=0+0 + х2 or yx д(х—1) 


Differences 


E 7 9 
F E 
Substituting the above values in the Newton’s formula of interpolation. 
—1) (x—2) 
menaa OI) д IE ДЬ 
Where yx represents the thing to be a that is, the value of sin 52° 
—.00: 
x= 0.1071 + (1.4 0.0589) + 1D ¢ 
1x2x3 
or ух= 0.7071 + .08246 —.001596 + 0000392 
ог yx = 7895992 —,001596-or yx = .7880032 
Thus the value of sin 52° is .7880. 


NEWTON'S GAUSS AND STERLING FORMULA S 
К, Newton's Gauss :—The formula should be applied when the missing figure 
in the middle of the table. The formula is, 
(x=) x (—D лз 
+15953 Aon 
(x—1) x (к—1Хх—2) Ayer en 
* 1x2x3x Ara 


x 


table PROBLEM 8.24. Estimate the value of y if «2575 from the following 


+ Newton's Gauss formula . 
(rey y Aly,» X01) 


1) x (х—1) 
"pg ле ол, 


CR 


E COPIER )6—2) 

ES X2x3* = Ae 
3.75—3.5 4 
xt h 


06—35° 75-5 
Substituting the value we get, 


y= 20.225 (5, 1 spi J 
O GED CS og 


(541) 5 C5—1) (5 2) x .009 


+ 
: 
| — 
— 


19.407 approx, 


BLEM $8.25. The following table ives the sales of a concern for Й 
few years, Estimate the tales for ici 1971. 


Year Sales (Rs. 000) 
1966 40 
1968 43 
1970 48 
1972 52 
1974 
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SOLUTION. interpolation of the sales for the year 1971. 


Newton's Gauss formula is : 

—1 х+1)х(х—1) дз 
yxe yo + x Aly 117552 =I eH Аузу 
(х+1) x (х—1) (Х—2) да 

* ixlIxix4 Ae 


= (1971—1970) _ 5 
(1972—1970) ' 

— 5x—5x2) 

(5x4) а Dx1, (1.5x 25 )‏ + 48 = ر 


(1.5х.5х—.5 х—1.5 х5) 
£ EUROS 


=48 424 .125—.125 + .117 = 50.117. 
Thus the estimated sales for the year 1951 are of 50.117 thousand rupees. 


STERLING'S FORMULA 


| n n а, 
| This formula is also used when the missing figure is in the middle of the 
; table. The formula 
l 
- 
4 


DIE a Айу. * Aya 
сыз xAntA + 21 ORY Ata 


PROBLEM 8.26. Using Sterling's formula interpolate the value of y 
en х= 9, 


» 
40 
43 


S 


52 
5 
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SOLUTION. Interpolation of the value of y when х= 9, 


Differences 


9-8 
Value of x = 8—6 =.5 


Sterling's formula is 
: 1 2 12 
ух=уу+х EA Ayy N 195 


27.45 2 
Aat à p (10 AI ^ 
Substituting the values, we get 
yx=48+.5 اب‎ 2 2 (25-1 x 
=p 5. (.25—1)5 
= 48 + 2.25— 125 +031 15—039 = 50.117. 


PROBLEM 3.27. Uf Ix represents the numbers 
find Ix for values of x=35. Use Sterling's formula : 


In = 512 bo- 439, 1 = 346, 1„„= 243 
SOLUTION. Interpolation of the value of tag. 


Differences 
A / 
А 35—30 5 
Value of xa 3020 10 -.$ 


living at age x in а life table, 


D RAM, ла 3-15. و‎ + Ay 
уха yg x As, tAm +> AY- + 2 1, 71+ L 


8 (—73)+(—91) 23 
439 ＋ 5 I——t-.29 " 
2439- 41.5—2.5 „395 


Thus the value of / 35 = 395. 
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NEWTON'S GAUSS (BACKWARD) FORMULA 
_ This formula of Newton's Gauss is used when the figure to be interpolated 
bat the end of the table. 
The formula is 


1 
C ух=уу—х/\!у-у+ um X Aly, = 
xl —1 x1) x (x—l) (x—2 
zm ne ) AX s ( ) 3 )t ) N 

In this formula y, is the figure succeeding the missing figure ; and х= The 
year or other unit succeeding the interpolation year—the interpolation year 
divided by difference of two adjoining years. 

PROBLEM 328. The following table gives the population of a town during 


thelast 5 censuses. Estimate the population for the year 1956. 
Population (000) 


Year 

1921 ш 12 
1931 "Ps 15 
1941 20 
1951 27 
1961 39 
1971 52 


SOLUTION. Interpolation of the population for the year 1950. 


Population 
(000) 


x» 1961—1956 _ 5 
1961—1951 1 
duy xA! . CE Dx ne (4-1) x (1) As, 
A yy UN 4 O 
235x124. (L5x:5x D). f 159955 44 ) 
O 
‘ 239 —6-.375— 250 33.125 thousands. 


PROBLEM 8.29, 


` Year Sales * 000) 
1950 
1955 32 
1960 40 
1965 5 


je‏ قق 
— 
© 
ч‏ 
^ 
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From the above table estimate the sales in the year 1968. Use 
(backward) formula. 


SOLUTION. Interpolation of the sales of the year 1943, 


wea vx + ETD AY, — =н) x (x—1) Am 

Substituting the values, we get, 

ух=5з—(4х®у+(. Ex 1 o ) 

= 55—3.2 + .28—0 = 52.08 thousand rupees. 8 

Thus, the estimated value of sales for 1968 are 52.08 thousand rupee 
м BINOMIAL EXPANSION METHOD 


PROBLEM 8.30. Estimate the outflow of silver from India in 19 67- 
the data given below. 


Average value of net exports of silver coins and bullion. 


Year Rs. 
1963-64 89,56, 32,418 
1964-65 $2,53,74,607 
1965-66 37,35, 58,955 
Ў 1966-67 27,84,61,129 
1968-69 23, 26,02,668 ' 
SOLUTION. Estimation of the outflow of gold from India їп 1% 
à Years 


Average value of net exports of 
coin and bullion in rupe 


1963-64 89,56,32, 418 yo 
1964-65 52.53, 74,607 y, 
1965-66 37, 35, 58,955 92 
1966-67 


27,84,61,129 yg 


? o 
1968-69 23,26,02,668 y; 


Interpolation—Binomial Expansion Method 305 


Since the known figures are five, the fifth leading difference will be zero. 

85 y,—5 y, 7-10y4—10yg1-5y,1—X, = 0 

Substituting the above values, we get, 

A= 23,26,02,668—5y,-- (10 x 27, 84,61,129) 

—(10 x 37,35,58,955)--(5 x 52, 53,74,607)—89, 56, 32,418 = 0 

or ANS = 23, 26,02,668 —5у44-2,78,46,11,290 

—3,73,55,89,550-+2, 62, 68, 73,035—89,56,32,418 0 

Or Sy, = 23,26,02,668 +2,78,46,11 ,290 —3,73,55,89,550 

4-2,62,68,73,035 —89,56,32,418 

or 5y,21,01 ,28,65,025 

ог y,» 20,25,73,005. 

Thus, the value of the estimated outflow of gold from India in 1967-68 is 
Rs. 20,25, 73,005. 

Note, Since the rate of decline in the value of silver exported is very high 
in the beginning than in the later years its cumulative effect Ваз been reflecied, in 
the interpolated figure. If the decline had been uniform, the kom vu figure 
for the year 1967-68 would not have been less than the figure of 1 . 

PROBLEM 8.31. Below are given weighted index numbers of cost of living 

- ef labourers in an industrial centre in India.Interpolate to find out the missing index 
tumber for 1973 to the nearest integer, using all the figures : 


Year Index 
1970 173 
1971 149 
1972 145 
1974 131 
1975 ж 
SOLUTION. Interpolation of the index number of cost of living for 1973. 

Year Index 
1970 173 уо 
1971 149 9 
1972 145 52 
1973 1375 
1974 131 y4 

| 1975 141 ys 


кке knowa figures are five, the fifth leading difference will be zero. 
FF 
ubstituting the above values, we get 0 
or A5, = 141—(5 x 131)--10y3—(10 x 1 140 149)—173 = 
or A5, = 141—655-L-1075—1450--745—173 20 
o Oya = 655141145074513 = 1392. 
Уз = 139. i 
thus? the index number of cost of living for 1973 is 139.2 ber of childrer. 
PROBLEM 8.32. The age of mothers and the average mum er OF € : 
o^ Per mother are given in ah below. Interpolate the average number 0 
dren born per mother aged 30-34. 


Age of mother No. of children 
in years A 
] 15—19 $ 
20 24 24 
2 3.5 
0—34 . 
35—39 57 
40—44 58 
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SOLUTION. Estimation of the average number of children bo 
mother aged 30-34. 


Age of mother in years No. of children born — 
15—19 07у, 
24 2.4», 
25—29 3.5 y, d 
34 БЛ zi 
35—39 5», 
5.8 у; 


Since the known figures are five, the fifth leading difference will be. re 
ASo= »у—5у,+{10уу—10у»--5уу—у,= 0 : 
Substituting the given values, we get 
A = 5.8—(5x5.7)2-1054—(10 x3.5)-+-(5X2.1)—0.7=0 
= 5.8—28.5+-10y,—35-+ 10.5 - 0.720 | 
or 10уз = 28.5—5.84-35—10.54-0.7= 47.9 огуз= 4.79 | qi 


Thus, the expected average number of children born per mother 
is 4.8 approx. 


PROBLEM 8.33. The following table gives the population of a 
time of six censuses. 


1911 75,401 
1921 82,984 
1931 86,686 
1941 44,947 
1951 93,001 
1961 1,27,327 


Estimate the population for 1971. 


SOLUTION. In the given data the population is continuously 
from 1911 to 1931, but in 1941 it suddenly declines and again in 1951 it 
atonce. So before an estimation of the population for 1971 is made, 
sary to “api ed the population for 1941 as according to the ass 
underlying n's method of leading differences, there must be ай 
increase or decrease in the series, 


Interpolation of the Population for 1941. 


Years Population * 
1911 75,401 50 E. 
1921 82,984 y, Er. 
1931 86,686 уг Mu 
1941 ? 23 А 
1951 93,091 Ya Е" 
1961 1,27,327 у, 100 
1 
Since the known figures are five, the fifth leading difference will be zt 
A, = رکو«‎ 10910), 4-5, = 0 7 4 


Substituting the above values we get, ns 
%= 127327—(5x 93091)4-10),— (10 x 86686)-+(5 х 82984) —(75401): 
= 127327—465455--10y,—866860-1-414920—75401 = 0 


or 10у;= 465455-+866860-+75401—1 27327—414920 = 865469 
or уӊ=86547 
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population in 1941 = 86547, so the new table for interpolation of popula- 
| Benin 1971 will be : 


Years Population 
1911 75401 y, 
1921 82984 y, 
1931 86686 ya 
1941 86547 y, 
1951 93091 y, 
1961 127327 у; 
1971 — Ig 
Now the known quantities are six, therefore, the sixth leading difference 


be zero. 


A= yg—6y,--15y,—20y32-15y4— 651197 0 
Substituting the above values, we get 
Aso уз —(6 x 127327)+(15 x 93091)— (20x 86547) 
--(15 x 86686)—(6 x 82984)-1-75401 = 0 
Ув = —763962 +1 396365 — 1730940-1-1300290—497904 +-75401 = 0. 
Yo X 763962-1 396365-1-1730940—1300290-1-497904— 75401 
= 220750. 


Note. Here again the sudden j i i fected 

jump of population figure in 1961 has al ‹ 

br ertrapolated figure which is unusually high. The question could be solved 

is POlating the figure of 1961 as well. The algebraic method of differences 

Оп the presumption that ultimately the differences would vanish and in cases 
ifferences go on increasing, such inconsistent results are obtained. 


бн PROBLEM 8.4. Obtain the missing figure in the following table of one per 
Mes of chi-square and check the result by an algebraic method. 


Degree of Freedom 1, 2, 3; 4, $ ў 6, 7, 
1% chi- 
% chi-square 6.64, 9.21, 11.34, 13.28 2, 16.81 18°48 
$ Degrees of Freedom L5 9, 
I сн. 
© chi-square 20.07, 21.67 


SOLUTION imati t value of chi-square or five 
degrees 1 9 Estimation of the one per cen 


Degrees of Freedom 1% chi-square 


6.64 Yo 
9.21 
11.34 ya 
13.28 уз 
T A 
16.81 y5 
18.48 % 
20.07 v; 
21.67 уз 


Vo @ ما‎ 4A ییا‎ I = 


"= ر‎ tyr t 28y,—56y, 170y4—56y4-28y4—8y,--y9—0 
Substituting the given values, we get 
^®, = (21.67)—(8 x 20.07) +-(28 x 18.48)—{56 x 16-81) 2-70», 
—(56 x 13.28) H28 x 11.34)—(8 x 9.21) 16.64 =0 
= 21.67—1 60,56 +-517.44—941 36 +-70y,—743.68 
+317.52—73.68-+-6.64 = 0 
or 70у, =160.56—21.67—517.444-941.36-743.68—317.52--73. 
70у = 1056.01 or yy = 15.09. 


^ 15, 05 the estimated value of 1% chi-square fof five degrees 


table gives premiums payable 


Fan endomen ply a. of 15.2 0 with profits payable at the age û 


ME UH cua 


Age at birthday — ^ Annual Premium 


Rs. 
46.25 
47.62 
49.13 

50.75 
52.50 ї 
54.25 Y 

22 

58.13 
60.25 
62.62 


SS NSS NSL 


SOLUTION. Estimation of the premium payable at the age of 26. 
Age at birthday Annual Premium in 


20 46.25% 
21 47.6271 
22 49.1352 
23 50.7573 
4 52.50y, 
25 54.2575 

26 7 „8 

27 58.13у, 

28 60. 25ув 

29 62.6255 

Since known figures are nine, the ninth leading difference will be zero. 
А% =» 799 + 36y = Bay, + 126y,— 126), + 84y, — 36, +991- 020 
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Substituting the given values, we have 
25 62.62—(9 x 60.25) + (36 х 58.13)—84y, + (126 х 54.25) —126 x 52.50) 
+ (84 х 50.75)—(36 x 49.13) + (9x 47.62)—46.25 = 0 
= 62.62 —542.25 + 2092.68—84y, + 0 
—6615.00 + 4263.00—1768.68 +428.58—46 25 = 0 
84y, = 6262—542.25 + 2092.68 + 6835.50—6615.00 + 4263.00—1768.68 + 428.58 
—46.252 4710.20 
5% 56.07 Rs. 
Thus, the premium payable at the age of 26 for the said policy is Rs. 56.07 


PROBLEM 8.36. The number of students in a recognised institution India 
for the last nine years is given below. Estimate the number for the year 29711972. 


Year No. of students 
1962-63 1110 
1963-64 1150 
1964-65 1180 
1965-66 1 
1966-67 1210 
1967-68 1225 
1968-69 1250 
1969-70 1250 
1970-71 1260 

SOLUTION. Estimation of the number of students for the year 1971-72. 

Years No. of students 
1962-63 111050 
1963-64 115051 
1964-65 1180 
1965-66 1 
1966-67 1210y, 
1967-68 12255 
1968-69 1250», 
1969-70 1250y; 
1970-71 1260ув 
1971-72 7» 


Since the known figures are nine, the ninth leading difference will be zero. 
А%= ys—9)3-1-36),—84y, + 126y5—126y, + 84y3—36'2 +971 — Yo = a 
Substituting the given values, we have 
A% = Yy— (9x 1260) + (36X 1250)—(84x 1250) + (126 x 1225) 

L (126x1210 ) 84x 1200)—(36 x 1180) + (9 х1150)—(1110)+0 

= y4—11340 + 45000—105000 + 154350—152460 

+008000— 42480 + 10350—1110= 0 
OF y = 11340 45000 +105000—1 54350 + 152460 

—100800 + 42480—10350 + 1110 = 1890 
Thus, the estimated number of students for the year 1971-72 is 1890. 


Note, Here again the series is such that the differences would not vanish 
a the extrapolated figure is unusually high. It would be better to solve this 
kestion by taking only the figures of 1969-70 and 1970-71, as in the year 1 

gure is the same as in 1969-70, 
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PROBLEM 8.37 1t is required to find the missing value in the 
table. Establish any suitable formula for interpolation, and rnd tke 
Serial No. Value 


© о پد‎ ٩ ا‎ & шыр ы, 


10 1.5232 
SOLUTION. Estimation of the value of Item No. 5. 
Serial No. Value 


6.457750 
3.453154 


Боо чолом 
— 
8 
A3 
=“ 


Since known quantities аге nine, the ninth leading difference will be 
As = Ys—9y, + 36, 846-126; —126y, + 84уу—3бу» + 921—720 
Substituting the given values, we get, 

Ao = 1.523219 x 1.5646) + (361.6177) (84 x 1.6874) (126 x 1. 


—126y,- (84 < 2.1521) (36x 2.5604) + (9 x 3.4531)— 6.4577 0 
= 1.5232—14,0814 4.58.2372—141.7416 + 224.8974 


or 126у,=1.5232—14.0814 +58.2372—141.7416 + 224.8974 4. 180.7764 


—92.1744 +31 :0779—6.4577 = 242.0579 
or X47 1.9211. 


Thus the interpolated value of the item No. 5 is 1.9211. 
5 Ci LEM 838, Interpolate the missing figures in the following t 


Year Acres in millions 
д - 
E : 
5 = 
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22 Estimation of the acres of land under rice cultivation for 


1 Year Acres in millions 
1961 76.6y, 

| 1962. 78.751 
1963 ? 
1964 тл 
1965 78.79, 

| 1966 235 
1967 80.65% 

) 1968 77.857 
1969 Ya 


. Known figures are seven. Therefore, the seventh first leading difference will 
aro and similarly the seventh second leading difference will be zero. 
i Ay, Ty, 21% + 35у + 3% — 21 € % . .@) 
be- + 21 305 + 35уу—21уз+7у,—уу=0.......(И) 

Multiplying (ii) by 3 we have 

3y,—21 yg 463y4—105y,-I-105y4—63y3 + 21уу—3уү=0. ... (iii) 
Adding (i) & (iii) we have 

Зук—20у, + 56y,—84y; + 70y4—28ys + b. . +... n) 
Substituting the table values in (iv) we have 

(3x 78.7) —(20 x 77.6) + (56 x 80.6)—84y, + (70x 78.7) 

— 8 x 71.7) x (4x 78.7)—16.6—0 

or 84y.—236.1—1552 + 4513.6 + 5509—2115.6 + 314.8—76.6—6769.3 

ог y,—80.5 
Substituting the value of y in equation (i) we have 

77:6—(7 x 80.6) + (21 х 80.5) G5 х 78.1) +(35 х77.7)—21у+ (7х 78.7) 

—76.6=0 

ог 77.6—564.2 + 1690.5— 2754.5 + 2719.5—2l yg + 550.9—76.6=0 

Or 21y4—1643.2 or 5 278.2 "M - 
7.2 › the estimated acres of land under rice cultivation in 1963 and 1966 

.2 millions and 80.5 millions respectively. 
3 o 8.39. Interpolate the missing figure in the following table with 

of a suitable formula : 


Year 
1966 1331 
1967 1728 
1968 217 
1969 
1970 3375 
1971 4096 
1972 4913 
SOLUTION, Interpolation of the figure for the year 1969. 
Year 
1966 1331», 
1967 1728y, 
1968 219752 
9 bes «ya 
1970 3315, 


312 
Since the known figures are six, the sixth leading difference would. 
Деус буу + 15y,—20y, + 15у,—буу + 4 —0 
Substituting the above values, we get - 
6,=4913—24576 + 50625—20y, + 32955— 10368 + 13310 
20y4—4913—24576 + 50625 + 32955—10368 + 1331 А 
20y,—54880 
уз=2744 
Thus, the missing figure is 2744. 
PROBLEM 8.40. The following values are given in a table. 
x y ә 
1 216,000 
2 226,981 
Ио. о... 
4 250,047 
5 262,144 + 
Using any suitable algebraic method, find the value of y for x=3. 
Also draw a graph of the above points on a piece of squared pap 
this graph find the value of y for x 24.4. $ | 
SOLUTION. Estimation of the value of y for x—3 
x У 
1 2,16,000 Jo 
2 2,26,981 
3 ? и 
4 2,50, 047 — — 
5 2,62,144 Y. — 


i 


information given, the likely number for 1970 the following table 0 ‘in 
bers of production of a certain sally in а" трн E 
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Since the known quantities are four, the fourth leading diffe 


буу—4уу + уу—=0‏ + ور 4رک۵ 

Substituting the given values, we get oa 
Җ%=2,62,144—(4 x 2,50,047) + 6j, —(4 x 2,26,981) + 2,16,000=0 
=2,62,144—10,00, 188 + 6% 9,07, 924 +2,16,000=0 —— — 
ог 6y,—2,62,144—10,00,188—9,07,924 + 2. 16.000 { 

ог 6y,——2,62,144 + 10,00, 188 + 9,07,924—2, 16,000 - 
ог 6y,—19,08,112—4,78,144 E. 
or 652 14, 29,968 
or 5. 2,38,328 p 
Thus, the estimated value of y for x=3 is 2,38,328. “УШ 


PROBLEM $8.41. Find by algebraic method of interpolation, 


Year Index number 
1968 100 Es 
1969 107 2 
1970 i d 
1971 157 і 
1972 212 a 
7 
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SOLUTION. Estimation of the index number for the year 1970. 


Year Index number 
1968 100 yo 
1969 107 51 
1970 27 
1971 157 Уз 
1972 212 ya 
Since the known figures are four, the fourth leading difference will be zero. 


Go - буз -A у= 
Substituting the above values, we get 
A&—212— 4157) e 100=0 
912-628 + 6y,—428 + 100—0 
ог 6у,—212—628—428 + 100 
or 6y,—628 + 428-212-100 
or 6y,—744 


ог y,—124 
Thus, the index number of production of a certain article for 1970 is 124. 
PROBLEM 8.42. The annual sales of a concern are given below :— 


Years Sales of cloth in million metres 
1950 125 
1955 163 
p 2 
1965 
1970 282 TA 
Assuming the conditions of the market to be the same, estimate the es 
the year 1975. 
SOLUTION. Extrapolation of the annual sale for the year 1915. 
Years Sales (in lakhs of yards) 
1950 125 Yo 
1955 163 уу 
1960 204 y2 
1970 282 y4 
1975 "n 
Since the known figures are five the fifth leading difference would be zero. 
А%=0 
-0 


or 5559 + 10уу—10уз 99120 
Substituting the giver values, We get 
A5,=y,—1410 + 2380—2040 + 815—125=0 
or y,—1410—2380 +2040—815 + 125 
Or y,—380 million metres 


Thus, the extrapolated sales for the year 1975 are 380 million metres- 
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PROBLEM 843. Determine by Lagrange's formula the national 
а country for the year 1972 from the following data :— 


National Income 

Years Million Dollars 

1970 5112 

1971 6514 

1972 ? 

1973 9069 

1974 9685 i 
SOLUTION. Computation of the national income for 1972. a 

Years Canadian National I 

in millions of dollars 

@) (>) 1 

1970 x, 5112», 

1971 x, 6514 y, 

1973 x, 9069 у» 

1974 x, 9685 y, 8 


(xo) (х—ху) Gua . ше: 
+y (х—ху) ху) (c 
° Ox) (xax) (х,—ху +? G XO A 


‘Where yx is the quantity 10 be interpolated, x is the given quantity: 


Ту corresponding to which yx is to be interpolated x 
Us о к y тро o, Ху, Хә, Agree 
given soe heya al mehr 5 Jy 91929 are the со 


We get, 
ух=5112 (1972—1921) (1972—1973) (1972—1974) 
(1970—1971) (1970—1973) (1970-1974) 
+6514 (1972—1970)(1972—1973) (1972—1974) 
(1971—1970) (Т —1973) (1971—1974) 
+9069 (у= 1972—1971) (1972—1974) 


— ( 4) 
+9685 (1972—1970) ( 1972—1971 1972—1973) 


›‹ ) 1974—1973) 
ог yx—5112, (0 CD (—2) (2) (—1) (—2) 
DEDE +94 m C 


ex 
(2 (0(2 — 
4.9069 Q (0) 41 
GC +968 E 
Or ух=—$8$2+ 4342.67 4 6046— 1614. 16 
7922.51 million dollars. 
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Thus, the estimated National Income for 1972 is 7922.51 million dollars. 


8.44. The observed values of a nction are respectively 168, 
32, and 63 at the four positions 3, 7, 9, and 10 of the independent variable. 
is the estimate you can give for the value of the function at the position 


the independent variable ? 
SOLUTION. Estimation 0 


1 f the value of the function at the position 6 of 
be independent variable. 


Independent variable Values of the function 
(х) 0) 
3 x 168 у; 
7n 120 51 
9 x; Ys 
10 x, 63 уу 
x=6, at which position of the independent variable, the value of the. 


has to be interpolated. 
Applying Lagrange's formula, we get, 
(6—1) (6—9) (6—10) н (6—3) (6—9) (6—10 — 
(3—7) (3—9) (3—10) (7—3) (7— —1 
n 629670610) gg (6-30 

(9—3) (9—7) (9—10) Mya (10—7) (10—9) H 
o yx=168 (-0(-3 C0. aoe (3) (—1) 0 
at? DD O DC. 


yx=168 


* 709052 
* yx=12+ 180—724 27 2 147. 
— the best estimate that can be given for the value of the function 
position 6 of the independent variable is 147. 
sea level and p 


PROBLEM 8.45. In the following table h is the height above 
metric pressure. Calculate p when 280. 
h=0, 4763, 6942, 10594 
— 25, 23, 20 
SOLUTION. Estimati ic pressure when the height 
above sea level is 2974 imation of the barometric P 


Height above sea level Barometric pressure 
@) 0) 
0 x, 7 
4163 x, 25 x 
942 xo 7» 
10593 x, 25 
0 EE te height above sea level for which the barometric pressure has 


Applying the Lagrange's Formula, we get, 
yx—27 (5280—4763) (5280—6942) (528010593 
(0—14763) @—6942) (0—10593) 
-p s (6280—0) (5280—6942) (5280—10593) 
(4763 —0) (4163—6942) (4163—10593) 


-4-23 (5280—0) (5280—4763) (280—055) 

(6942 —0) ( 163) ( 10593) 

+ 20 (280—0) (5280—4716 5280—6942) 
о 470555505 3) (10593—6942) 
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517) (—1662) (—5313) (5280) (—1662) (—5313) 
8 CCS C 5 2) (—10593) 25 4763) (—2179) (5830) 
(5280) (5170—5313) (5280) (517) (—1662) 
+23) 9179-3651)! 7° (10593) (5830) 651) 
ог ух==—.353-+-19.23-4-6.34— 402. 
or yx=24.8 


the estimated barometric pressure when the height above sea 
is 5280 is 24.8. 


PROBLEM 8.46 Given logy 654=2.8156; logy) 658—2.8182 ; 
logy) 659—2.8189; logo 661— 2.8202; 


Find log 10 656. 
SOLUTION. Computation of the value of log, „ 656. 
(х) 00 | 
10810 6849 2.8156 y, 
10810 658 x, 2.8182 y, 
logy 659 xg 2,8189 y, 
10810 661 x, 2.8202 y, 


Х==1ору 656, i. e. the number for which the value has to be intered. 
Applying to the above data, the Lagrange's formula of interpolation. 
— (—21) (x—x3) (х—ху) ‚„ _(х—ху)(х—хг) G3) 
оз (%—ху) (хә) Сох) m (xo) (у) Сух) 
(х—х) (х— ху) (x—24) (хо) (хх) (хә) 
M Gu) Gray Us xo) (хах) (xaxa) 


quantity to be interpolated, x is the given quantity in, de‏ ا 


дале corresponding to which yx is to be interpolated xj, x, Xa 3, 
the given values of the variabl > 9 41 
values of the variable y. Р Yor Jp Yar Уз... . are the ci 


We get, 


yx—2.8156 (656—658) (656—659) (656—661) 
( ) (654—659) (6 7 
42,8182 . 656—659) (656—661) 
658—654) (658—639) (E100) 
) ) (659—661) 
--2.8202 G 656—658) (656—865 
661—654) (Те) (661—659) 
ух=2.31% D (—3) (—5 (2) (—3) —5 
END t9" BT 


2) (—2) (—5 — 
-F2.8189 ) (2) (—2) (—3) 
eu e» +2820 - | 
yx=.033 47.0455 5,6378 4.8059. 
yxz-2.8169, 
Thus, the estimated value of log,, 656 = 2.8169. | 
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PROBLEM 8.47, What do you understand by interpolation and extrapola 
? What are their uses ? The following table gives the normal weights of. 
dobles of a specie during the first twelve months of life : 


Age in months 0 27. 940 - Е. 12 
Weights in kgs. 7k 10% 15 16 «5.21 


Estimate the weight of the baby at the age of 7 months. 
f the baby at the age of 7 months. 


SOLUTION. Estimation of the weight o 


Age in months Weight in pounds 
(x) (у) 
a x 7150 „ 
ES n 1025 ж 
5 x 1500 Ys 
Xg 16.00 Уз 
10 хл 18.00 24 
12 x 2100  J5 i 
he baby has to be found out. Substituting 


x =7, at which age the weight of t 
the above values in the Lagrange’s formula : 


у=, (х—ху) (х—х;) (х—Х (x—24) (ХХ 
roxy) (CO xa) (0 0 (xo4) (o 7*5) 
س‎ xo) (х—х») K A ] 
1 x) уз) Оа Ха) (* (0—05) 
+ (х— хб) (Хх—Ху) (х—Хз) (хха) G—X 
(X3—x) (KK (ху—Хз) (ха) (ху—Х;) 
Eh (x—xo) (хх) و‎ N ) (х5) 
(gx) (Ху—Ху) (ху 
_(х—хо) (3) (хха) (x—X3) (x—xg) 
Y Ge) Gu) Gag 13) CD AD 
+ (хха) ех) N G6 ) (x— xa) 
(хохо) (ху) X3—X9) (& . ху: 
where yx is the quantity to be interpolated. 
We get, 


yx«1.0—2 0—5) (1—8) (7—10) (7—12 
(0—2) (0—5) (0—8) 70 


+ (7—0) (7—5) (7—8) (7—10) (7—12 
1025555902 
„150—9 (7—2) (7—8) (7—10) (7—12) 
(520) (522) (5—8) G— ) (5—12) 
607—0 (7—2) (7—5) (7—10) (7—12) 
(8—0) (8—2) (8—5) (8—19) " 
(7—0) (7—2) (7—5) (7—8) 0—1 
(10—0) (10—2) (10—5) € 57 ) 
(1—0) (1—2) (7—5) (7—8) (7—1 


+1 


+18 


+2\ 

(12—9) (12—2) (12— ) 12—8) 012—1 

r yes . O0 20 €) i 5 96 1) C73 C$ 
C333) C9 C719) C7 Hs егт 


as DOD IND 416 4} OO E —3)(—5) 
ыта те OH ФС 
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18 (0 (0 (2) (—D C—5 +21 (7) (5) (2) (—1) (—3) 
+18 TH (8) (5) (2) (—D - (12) (10) (7) (4) (2) 
or yx = .12—.75+5+ 14,58—3.94 +.65. 

= 15.66. 


Thus the weight ofthe baby at the age of 7 months is 15.66 kgs. 
Since the increase in weight in earlier. months is — EE 
in the latter months, the interpolated figure is rather incorrect. 


PROBLEM 8.48. Estimare the probable number of ;.: sons earning 
Rs. 30 and 40 from the following :— 


Income in Rs. Меп Ьер of persons 
Rs. 15-20 73 
Rs. 20-30 97 
Rs. 30-45 110 
Rs. 45-55 180 
Rs. 55-70 140 


" Perm Estimation of the probable number of persons earning 
s. 40. 


Income below rupees Number of persons (сш 
Srequency) 

x » 

20 xo 73 y, 
30 x, 17057 
45 x» 280 y, 
55x, Уз 
х J4 


х==40, i.e. corresponding to which income the number of persons has [ 
interpolated. 
Applying the Lagrange's Formula, we get 
„ 1 273 (40—301 (40—45) (40—55) (40—70) 
(20—30) (20—45) (20—55) (20—70) 
4170 (40—20) (40—45) (40—55) (40—70) | 
(30—20) (30—45) (30—35) (30—70) 
40—20) (40—30) (40—55) (40—70) 


42800020 00—30) 4,10 
(45—20) (45—30) (45—55) (45—70) 


л (40—20) (40—30) (40—45) (40—70) 
460-5520) (55—30) (55—45) 88 
оо (40—20) (40—30) (40—45) (4055) 
(10) E 30 D : 30 
FF 
«у PCD CITES O (25 35) 0170 (0 (—15) С—25) (40) 
(20) (10) (—15) (—30)_ (20) (10) (—5) (—30) 
= 280 er IO T5) (10) 225) * 49 (35 (35) (00) (—15) 
(20) (10) (—5) (—15) 
+ 600 — (50) (40) (25) (15) 
огух= — —3.75 +51 +268.8—105.14412 = 202.91 
= 223 persons. 


Thus, the number of ns earning below Rs. 40 is 223 and the 1 
persons earning below Rs. 30 is 170 talven)! 4 
30 an 


Therefore the probable zi 
22)1—170—53. probable number of persons earning between 


f 


| 


| 


years. 
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PROBLEM 8.49. Determine by Lagrange's formula the percentage number 


‘criminals under 35 years. 


Age 95 number of criminals 
Under 25 years 52.0 
e 30-56 67.3 
„ 40.» - 84.1 
» 3 „ 94.4 
SOLUTION. Estimation of the percentage number of criminals under 35 
Age (x) % number of criminals (y) 
Under 25 years x, 52.0 y, 
ui in 
» „ X 3 
» 50; ж 43 94.4 L^ 


x—35, corresponding to which year the percentage number of criminals has 
to be interpolated. 
Applying the Lagrange's formula, we get, 
E 520 (35—30) (35—40) (35—50) 
` (25—30) (25—40) (25—50) 
+ 67.3 85—25) (35—40) (35—50) 
(30—25) (3 ›( 
+ 841 35—25) 35—30) (35—50) 
"^ (40—25) (40—30) (40—50) 
p 94,4 35—25) (35—30) (35 —40) 
"` 7(50—25) (50—30) (50—40) 
(5) (—5) (—15) (10) (—5) (—15) 


052 EC * 93 6) (—10)(—20) 
(10) (5) (—15) (10) (5) (—5) 
+841 ~5) (I0) TO) 25) 2) (10) 


Or yx=—10.4 + 50.5 + 42.05—4.72 


745 


Oryx— 77.43. t 
Thus, the estimated percentage number of criminals under 35 years is 
PROBLEM 8.50. From the following figures estimate the number of persons 

whose income is Rs. 19 or more but does not exceed Rs. 25. 

Income in Rs. — My persons 

1 and not exceeding 9 

„ 70 
Do» n 7 203 
7 МУСА » 37 406 
SÉ ch op „ |... 304 
46 „ 5 » 55 42 
55 64 5 


SOLUTION. Estimation of the number of persons whose income does not 
S. . 


Income not exceeding Rs. Number of persons 

р 3 

0 
19 ә 120 yı 
28 xl 323 уз 
37 "x 729 ور‎ 
46 х? 103 y4 
55 x 1075 Ys 
64 Xe 1080 y, 
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х==25, corresponding to which, the value of y has to be interpolated, 
Applying Lagrange's Formula, we get 
so (25—19) (25—28) (25—37) (25—46) (25—55) (25—64) 
m (9—19) (928) (937) (9—46) G—55) (9—64› 
+ 120 (25—9) (25—28) (25—37) (25—46) (25—55) (25—64) 
(19—9) (19—28) (19—37) (19—46) (19—55) (19—864) 
وو ڕ‎ -(25—9).05—19) (25—37) (25—46) (25—55) (25—64) 
(28—9) (28—19) (28—37) (28—46) (28—35) (28—64) 
ڕ‎ 729 .(25—9) (25—19) (25—28) (25—46) (25—55) (25—-64) | 
(37—9) (37—19) (37—28) (37—46) (37—55) (37—64) 
+1033 (25—59) (25—19) (25—28) (25—37) (25—55) (25—64)_ 
(46—9) (46—19) (46—28) (46—37) (46—55) (46—64) 


(25—9) (25—19) (25—28) (25—37) (25—46) (25—64) 
IOS r EY GER) (51731) ES 3) (55—28) (55—37) (55—46) (55—64) 
+1080 (25—9) (25—19) (25—28) (25—37) (25—46) (25—55) 
(64—9) (64—19) ( ) (64—37) (64—46) (64—55) 
= (6) (—3) (—12) (—21) (—30) (—39 
Or y= 0 С TOTS 
£120 29.39) 12) (—21) (730) C739) 
(10) (—9) (—18) (—27) (—36) (—45) 


(16) (6) (—12) (—21)( —30) (—39) 
+223 059): ET 89 
(16) (б) (—3) (—21) (—30) (—39) 
MEI eT (C3)-18 (27) - 
(16) (6) (—3) (—12) (—30) (—39) 
+1033 057 (27) (18) 9) (9) C- 8) 


(37) (27) (18) 09) (9) (-18) —— 
16) (6) (—3) (—12) (—21) (—39) 
+1075 CET CD O O 
(16) (6) (—3) (—12) (—21) (—30) 
Or Map 2 5 о 
х=—. Д .31— 150. 
8 de. T 260-+-150.93—46.7-1.6.03 
Thus, the number of persons whose inceme does not exceed Rs. 25 is 206. _ 


and the number of persons whose income does not exceed Rs. 19 is 120. 


Therefore, the number of perso: i i but dos 
1185 Re 25 it 2081207 А ns whose income is Rs. 19 ог more 


‚ PROBLEM. 8.51. The following are the marks obtained b y 65 students it 
statistics in 1975 M. Com. (final examination) of a certain university :— 


Marks (out of 100) Number of students 
More than 25 65 
» » 36 63 
» „ 45 40 
» » 55 18 
70 7 


» ” 
Find out the number of students who secured Ist class marks in statistics 
SOLUTION. First class marks means 60 per cent ог more. So Wé 


to interpolate the number of students who secured 60 marks or more than © 
fron Көне cate | that marks are not given in fractions, we may interpo 9 
t given data, the number of students who secured more than?“ 
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Estimation of the number of students who secured more than 59 marks. 


Marks more than Number of students 

(out of 100) 

(x) (у) 

29 te 65 y, 

36 x 63 n 

45 x 40 ^ 

55 x, 18 yy 

70 x, 7A 


x=59, corresponding to which the value of y has to be interpolated. 
Applying Lagrange's Formula, we get, 
„s (59—36) (59—45) (59—55) om 
(25—36) (25—45) (25—55) Q5— 

4.63 (59—25) (59—45) (59—55) (59—70) 
+63 (%6—25у (36—45) (36—55) (36—70). 
140 (59—25) (59—36) (59—55) (59—70) 
0 (45—25) (45—36) (45—55) (45—70) 


4.18 (59—25) (69—30) (59—45) (59—70) 
"° ($8—35) (55—36) (55—45) (55—70) 


1. 1 (59—25) (59—36) (59—45) (59— 
> (0019 0036 00-1 ) (70—45) m 
Q3) (14) (4) = 463 09.04 6) (1) 
C11 20) (30) (—45) (11) (—9) (19) (734) 
(34) (23) (4) —11) (34) (23) (14) (—11) 
9-55 6) (10) (25) — GO) (10) 13) 
+ 5 95 Q3 (14) 4) 
(45) (34) Q5) (15) 
or yx —3.14-20.5—26.7--25.44-.54 


16.64 or 17. 


. Thus the estimated number of students w 
Statistics is 17 


9r yx—65 


ho secured Ist class marks in 


DIVIDED DIFFERENCE METHOD 
etc. are the 


This method is used in case of unequal intervals. М Yo» Ур, 3 
of y corresponding to хо, x1, X2 elc. à divided difference table will be cons- 
tructed as follows :— 


DIVIDED DIFFERENCE TABLE 


101229 
Аз Xo 
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PROBLEM 8.52. Construct a divided difference table for the 
data :— 

хг 2 4 5 8 

у: 0.3010 0.6021 0.6990 0.9031 

SOLUTION 


DIVIDED DIFFERENCE TABLE 


PROBLEM 8.53. The following table lists the value of sinh x for 
values of х. Calculate from it M n value of sinh x for x—0.23 


0.20 0.30 
0.20134 0.30452 


—0.30 0. 
* 20.30 0.30452y, | 0.21658 —1.0829 


3520.50. 0,52110y, 


The formula of divided differences 
rx=yo+(x—x) Л! 


as given by Newton is B 
G- x0) -- ( xi) G- LE 
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„000000 (. 23 — 00) (1.0067)-+-(.23—.00) (.23—.20) (2.08367) 
Г 4-0.23—.00) (.23—.20) (.23—.30) (.17332) 
Dp =231541 + .000577323—.000084 
* 232034323. 
PROBLEM 8.54. 


Given log 10 654—2.8156; log 10 658=2.8182; logy, 659—2.8189 
logy) 661—2.8202 


Find log, 656 using two different interpolations formulae available for obser- 
ations at — intervals, say, Lagrange's formula and the formula for divided 


SOLUTION. By divided differences : 


|. 18189—2.8182 
s= 659—658 


охо), (ху) (хх) A, +(х—ху) G3) -U 
1562 8156 + (2 х .00065) + (2x —2x.00001) (2x —2x —3 x 0000038) = 2.8169 


fhe Lagrange's formula will also give the same answer. 


| PROBLEM 8.5 of cosh x for certain 
55. The following table gives the values о, 
ples of x. Calculate from it afr values of cosh x for x=0.14. 


x 0.10 0.12 0.15 0.16 0.18 
cosh х 10050 7.00 10113 1018 1.0162 
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Difference Table 


—0.04985 
0.06 
—-— 0.83083 


—.24992 
0.06 
z —4.16533 


*=0.16 [1.0162 y, 


xy Qe xo) A, +(х—ху) - + (x5) (tx) (x—xg Ay 
+ (хо) (х) (*—xa) - 
771.0050 + (.04 x 1100) + (.04 x .02 x .46660) + (.04 x .02 —.01 x .83833) 
+(.04 x .02 x —.01 x —.02 x —41.5875) 
= 1.0050 +.004400 + .000373—.0000067— 000000 = 1.0097. 


S PROBLEM 8.56. From the data given below interpolate the valie f 


W 
43833 y, 
46568 y, 
49431 y, 
50912 y, 


— 


1367.5 A, 
1431.5 y Д2, 
1481.0 A! 
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yt x -% AS (ххх) و‎ 
Substituting the value we ge 
49833 + (4—1) (1367.5) wis a—» (16) 4 (4—1) (4—3) (4—5) (1) 


241833 + 4102.5 + 48—.3 
2479832. 


REVISIONAL PROBLEMS —8 


i Use any algebraic method to'interpolate the population for 1951 


EL 


Years Population (in lakhs) 
1931 2,528 
1941 2,514 
n 3645 
1971 y 
(2765.7 lakhs) 
Use one of the methods of interpolation to estimate the business done in 
1970 from the following data: 
Years Business done (Rs. in lakhs) 
1967 150 
1969 365 
1971 525 
1972 780 
(Rs. 447 lakhs) 
Interpolate th the following table with the help ofa 
Suitable deis щы o 
Years Acres in 
1961 1331 
1962 1728 
1963 iu d 
1 
net 3375 
1966 
1967 eb 
(2744 Million Acres) 


De some appropriate interpolation method and reconstruct the following 
requency table with the intervals 


E Frequency 

02 35 

24 E 

4-6 и 
UC NE ] 


F Ug 38 46 
The observ vely 168, 120, 72 and 63 at 
ed values of a function are respectively 168, atic. What B 


the four functions 3, 7, 9 and 10 of the independen position 
the сш estimate you can give for the value of the function at the 


of the independent variable ? Use Lagrange’s formula. (47) 


The s following are the amounts of income tax paid by a few businessmen 
one year: 
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Morethan Rs. 500 600 
r .»» 1000 550 
вә „ 1500 425 
T „ 2000 275 odii 
Sk „ 2500 100 
„ 3000 25 


Find ait ihe Mn GE Valid who paid more than Rs, 
more than Rs. 2400 as income tax. 


From the followi m ҮНЕР! number of pei ons in 
group Rs. 20 and 


Income No. of pt 
Below Rs. 10 20 
» Rs.20 45 
„ Rs. 30 us 
„ Rs. 40 210 
„ . 50 325 
From the follow i the population of a city i in lakhs ба 
3 loc o рори ni methodo Ё- 
Year 1941 1951 1961 1971 
Population in 
lakhs 18 22 25 30 


Use Newton's formula and interpolate the migration from T! 0 
year 1963 from the following : 1 


Years 1962 1964 1966 1968 197 
Migration from 
TownA 23 391 382 799 
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yed to study the relationship between 


tive measurement and which can 


ies which 
„ 


CLASSIFICATION OF DATA 


PROBLEM 9.1. Given the following frequencies of the positive classes, find the 
ies of the ultimate classes. 

(4)—80, (B)—100, (AB)=70, N—250 

SOLUTION. The ultimate classes are 

(AB), (AB), (aB), (aß); (AB)=70 (given) ; (AB) (A)—(AB) ; 

(aB)—(B)—(AB) 

(aB)—(a)—(aB)--N—(A)—(B)-H(AB) 

Substituting the given values, we get 

(AB)=70 ; (AB j—80— 70—10. 

(aB)—100—70—30 ; (aB)=250—80—100-+-70=140. 


Thus the ultimate class frequencies are (AB)=70, (AB)—100 (4B) 30, 
(aß) 140. 


PROBLEM 92. Given the following ultimate class-frequencies, and the 
[ frequencies of the positive and negative боз and the whole number of observations 


(AB)=250 ; (AB)=120 ; (aB)=200 ; (а8)=70. 
SOLUTION. The classes for which frequencies have to be found are : 
M (A), (В), (а), (B) 


PRI: ; 
)—(AB)--(AB) ; (B)=(AB)-+(aB) 
Ge ; G AB Hep) 
Substituting the given values, we get, 
N—250--120--200--70—640 

E thera (B)=250-+-200=450 


(a) 290-4-70—270 ; (8) 120--70—190 
us. савт А. : 70 =190, and, (B)=450 
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the frequencies of the positive classes} 
a ey — 9.3. Given the following 
Nex 12,000 (AB)ss453 ; (A)=977;(AC)=284 ; 
(B)1185; (BC)=250 ; (C)—5965(ABC)— 127 
SOLUTION, The classes for which frequencies have to be found out an 


(а), (В), (У). (AB), (aB), (A), (aC). (ay), 
8 (BC), non. (ABC), (aBC), (ABy), (aBy), 
(aBC), (абу). 


Now, 


(= N—(A) ; (B) N—(B) ( 
(Y) N—(C) ; (ABy)=(AB)—(ABC) 
(ABC)—-(AC)—(ABC) ; (aBC)—(BC)—(ABC) 
ABC) (A) АВ) (АВС) 

(aBy)—(aB)—(aBC)—(B)— (AB)—(aBC) 
(aBC)-(8C)—(A BC)-(C)—(BC)—(A BC) 
(AB)—-(ABC)--(A By) ; (@B)=(@BC)+-(aBy) 
— He ; 5 8 ; eS 

ET aBC) ; (aBy)=(a )—-(8)—(A8)—(a 
(aB)— (BC) Hay) ; (ay) (By) (aBy)--(aBy) ; (By) (By) 6 
Substituting the values, we get, 
(2)—12000—977—11023;(8)—12000—1185—10815 
(»)—12000—596— 11404. 
(ABy)—453—127--326((A 8C)—284. 127157 
(4BC)—250—127—123 

977 —453—157—367;(aBy)—1185—453—123—609 

(a8C)—596—250— 157—189: 8)—157-L361—524 
(2B)—123-1-609—732;(Ay ) = 326-1-367—693 


(2C)—123--189—312((By)—326--609—935 d 
(8C)—157-I-189—346;(08y)—10815—524—189—10,102 
(a8)—189--10102—10291;(a)—609-I-10102—10711 
(By)—3674-10102— 10469 


PROBLEM 9.4. 4 number of labourers in a factory were examined for 
presence or absence of certain defects of which three chief descriptions were noted 


. Physical weakness ; B—Nerve signs ; C—Mental dullness. 


Given i jes of the 
dese тш eee d hao е be of 

(ABC)=75i(aBC)=98 ; (ABy)—310;(aBy)=702 

(АВС)=10баВСу=74 : (Apy)—489;(apy)—8415 
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"SOLUTION. The positive classes including the whole number of observations 


@ ә: 
N (AB) 
(A) (AC) 
BC) 


N-(ABC)--ABy)-ABO-HaBCHHABY)-HaBY) HaBCH- (o) 
(A) (ABC) (ABy)-HABCH-XABY) 
(B)-(ABC)--ABy-HaBC)HaBY) 
(C)-(ABC)--(aBC)-HABO--(GBO 
=(ABC)+(ABY) ; (AC) (ABC)-HABO) 

(Арс ово } (АВС) =75 (given) 
Substituting the given values, we get, 
№-—75-310--1064-98--489--7024-744+8415—10269 
(4)—754-310--1064-489=980 ; 08)=75-+3104-984-702=1185 
(0С)—=75-98-4-1064+74= 353 ; (AB)=75-+310=385 ; 
(AO)—75--106—181 ; (BC) 754-98 = 173 ; (ABC) 75 
PROBLEM 9.5. Given the following frequencies, find out the frequencies of the 

and the ultimate classes. 


N=2,90,02,525 (ABy)= 82 
(A)= 23,467 (A 
(B— 14,192 ( 
©= 97,383 (ABC)= 25 
SOLUTION, The classes for which frequencies have to be found out are 
(АВ) ( ) 
AO (aBy) 
aBC) 
Now, (aBy) 


(AB) —(ABC)-HABY) 

(AC) =(ABC)+(A8C) 

(BC) —(ABC)-H(aBC) 

(ABy)—(AB)—ABC) - (A)(AB)—(ABO 

(By) =(aB)—(aBC)=(B){AB) — (aBC) 

(aBC) ~(BC)(ABC)}=(C) —BC) -(ABO) 

(aBy) —(aB)—(aBC) 

=a BCJ =a BC) =N—B}A)HAB) (48O 

Substituting the values, we get, 


(AB) —25--82-107. 

(AC) =25+-380=405. 

(BC) =254500=525. 

(ABy) —23,461—107—380—22,980. 

(aBy) —14,192—107—500—13,585 - 

(aBC) =97,383—525—380=96,478. 

(ay) —79002,525—14192—23467-+107—96,478. 

еу . 
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PROBLEM 9.6. Measurements arc mude оп a thousand husbands 
thousand wives. If the measurements of the husbands exceed the measur 
wives in 789 cases for one measurement, 74! cuses for another, and in 690 cg 
both measurements, in how many cases will both measurements on the wife е 
measurement on the ? 


SOLUTION. Let A stand for the cases in which measurements of h 
those of wives in one measurement and B, those in the other measu 
Then, the data given are : 

N=1000 
(А)—789 ; (B)=741 ; (AB)—690 
We have to find the frequencies of (a8), which are equal to 


N-(A)—(B)-HAB) 
Substituting the above values, we get, 
a—1000—789—741--690 = 160. 


Thus the number of cases in which both measurements on the wife excess 
on the husband is 160. 


PROBLEM 9.7. In a Girls’ High School there were 200 students. Their res 
in the quarterly, half-yearly and the annual examinations were as follows : 1 

80 passed the quarterly examination, 

75 passed the half-yearly examination, 

and 96 passed the annual examination. 

25 passed all three, 46 failed all threc. 

29 passed the first two and failed in the annual examination. 

42 failed the first two but passed the annual examination. 

Find how many students passed at least two examinations. 

SOLUTION, Denoting : 

Success in quarterly examination by (A), and failure by (a) 

Success in half-yearly examination, (B), „ „ „ „ (В) 

Success in annual examination ,,(C), ,, „ on 

The given data are reduced to 

N—200:(ABC)—25 

(A)—80:(08)—46 ; (B)—75 ; (ABy)=29 ; (С)=96 %, = 

We have to find out the value of 

Now ШП C? HABI-HABC) 

ow, )HABC)-HABy)J4-aBC)—(C ) 

“ (@ВС)-+(АВСу=(Су—(АВС)—(а8С)—96-—25—42—29. 

7. (@BC)+(ABC)+(ABy)-+-(ABC)—29---29 +-25—83, 

Thus, the number of students who passed at least two examinations is 8). — 

PROBLEM 9.8. Ina free vote in the House of Commons 600 members 
8 5 representing English constituencies (including W elsh) 


nt 
in favour of the motio, M " 1 
п, 25 opposition members representing Scottish cons 
1954 Against the motion. The government majority among those who vol 


voted against the tion. Т 
онов was бы Fri А Scottish members voted in favour of the 0 
the constituencies ad; party, 
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SOLUTION. Denoting the "Ur by А and 
serve. vin for and against the motion by B э Scottish 
members by C and у respectively, our data 


М=600 24 — d 
(ABC)—300 oe - a 
(ay) 25 t — (iii) 
(A)—(a)—96 — —— | 
(У)=135 et» 1 00 
(AB)=18 к ^L , 
(®у)=102 — eb (vil) 
(3)—(8) = 310 uh .. өй) 
The ultimate class-frequencies have to be found out. 
Frem (а) 
(A)H-(2)—600 а 
omes (i) and (iv), we have 
| (A= - (3) 
E from, (i) 
(B)+(8)—600 = oF 
Adding (xi) and (viii), we have 
(B)—455 — (xii) 
No (ONO) —600—1352465 .. (xiii) 
© and(AB)—(A)—(AB)—348—18—330 .. (xi) 
and (BC)—(B)—(By)—455—102—353 ... (ху) 
We also have, 


L0 9By— (B) ABy)—(0)—(8y)— {ABARO} 
—(—By)—A-HAB)-HAC)— (ABC) 


Substituting the known values on the right and the value of (28У), we have: 
сны HE 


or AC=310 T (xvi) 
bo, NOW: to calculate the frequencies of the ultimate classes, we proceed as fol- 
(ABC)—300 (given) 


(ABy)—(AB)—(ABC)—330—300—30 
(ABC)—(AC)—(ABC)—310—300—10 
(aBC)—(BC)(ABC)—353—300—53 
(ABy)—(AB)—(ABC)— 18— 10= 8 

(aBy)— (aB)—(aBC)=(B)—(AB)—(aBC)=455—330—53=72. 
(e8C)—(8C)—(ABC) 

=(C) —(BC)—(ABC)—465—353—10—102. 
(оВу)=25 (given) is. 


| PROBLEM 9.9, Red 
1 bet White and Red forces there are more 

| — tha than White ; Pe л more pans whites than unarmed Reds ; there are 

‘med Reds with ammunition than unarmed Whites without ammunition. 

nion. more armed Reds without ammunition than unarmed W hites with ammu- 
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r 


SOLUTION. Writing: 
А to denote the property of being а White soldier and hence 

property of being а Red soldier ; = E 
Writing 


В and f to denote armed and unarmed respectively; and writing C 
denote the possession and non-possession of ammunition, respectively. our di 


(Ap Ке (А) ка E. T 1 < 
LII on 1:3 
MU 55 * E) i 
We have to show that 
(aBy) > (АВС) 


From (i), considering the dichotomy of each side according to B, we 


(aB)-+(a)>(AB)+(AB) 
Substituting for AB from (ii) in this inequality. 
(aB)-+(af)>(a8)+(AB) 
and hence 
(aB)>(Af) 
From this, considering the dichotomy of each side according to (iii), 
(aBC)+(aBy)>(ABO)+(ABy) 
or (aBC)--(aBy)- (ABC)H-(aBC) 
Hence (aBy)>(ABC) 
Thus, it has been proved that there are more armed Reds without 
than unarmed Whites with ammunition. 
PROBLEM 9.10. Show that for n attributes A, B,C, .. M, 


(ABC)...M)2: ((A)2-(B) -(C) 4-......--(M))—(n—1) N. 
Where N is the total frequency. 


SOLUTION. To prove the above, we proceed as follows :— 


(aB)—(1 — A) (1—B), N 
—N—(A)—(BH-(AB) 
As (aß) cannot have a negative value. 
ABZ(A)-(B)—N. 
Apply the above inequality to the universe of C, 


Then АВС (АС)+(ВС)—(С) 
z O ON -N O 
> (AH-(B)-(C)—2N. 

Apply the above to the universe of D 

Then (ABCD) > (AD)+(BD)-+(CD)—2(D) 
S (A-HD)-4N) 8) (D) -N-HO-D)-N-20) i 
M -N. 

Therefore (АВС,..М) > ((A)--(B)--(C)4-......-(M)) —n—DN. 
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PROBLEM 9.11. Ina very hotly fought battle 

2: least of the combatants lost an eye. 

at least an cur. 
at least a leg. 

at least an arm. 

What percentage at least lost all four ? 

SOLUTION. Denoting the combatants who lost an T7» A ;those who 
‘West an ear by B; those who lost a leg by C ; and those who an arm by D and 
the total number of combatants by N. 

(A)=.70 М ; (B)=.75 N ; (С)=:80 N :(00)=.85 № ; 
We have to find the least value of (ABCD). 


Now, 
ABCD) > NN N —(n—1l N; where n represents the no. of 


Or (ABCD) 2 70N4-75 N4-.80 N+.85 N—3N. 
> 310N-3N 
> .10N 

Hence, the least possible value of (ABCD) is 10% 

Thus, 10% of the combatants at least, lost all four. 


PROBLEM 9.12. A universe consists of three attributes 


cach of which is divisible 
into two parts. What are the different class frequencies obtai ? 


Ero 135 arts graduates ай 33 ee er fai 14, 
qualify numbere . Fi (a ) the nui of boys 
(6) the total number of science graduate boys appearing and (c) the number of scienc 


SOLUTION. Suppose A stands for Boys, а, for Girls. 


B stands for those who qualified for interview and f for those who failed t 


C stands for science graduates and У for arts graduates. 
The given data would be— 
N=600 ; (A)—(a)=96 ; (В)—(8)==310 
(ABC)—300 ; (aBy)=25 ; (09-135 : (8y)=33 (AB)—18- 
We have to find out the values of (AB), (AC) and (aBC) 
Now (A)—(a)=96. 
(A)--(a)—600 
QA) =696 or (A)=348 
Similarly (B)—455 and C=(N—y)=465. 
(AB)=(A)—(A8)=348—18=330. 
(AC)}=(ABO)+(ABC) 
SABO HAE AB (Apo AD) be 
| = AB) —(By) -(aBy)—300--18 733 x 
| во c). OSO GO ABO ork 
-C)—(B)--(By) —ABC)—-465— 145--33—300—53. 
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(ASSOCIATION) 
PROBLEM 9. sible, whether А and В 
positively ———— 4 — — — со} ef — following f 
(0) N—50000, (4)—23500, (B)31000, (4B) 
(ii) A=4900, ( (2)—5700, ( 


(iit) (AB)=2560, ^ (аВ)==7680, (AB)—480, 
SOLUTION. (i) Expected frequencies of AB-AXB — 


23500 x 31000 _ 
50521909. 


Actual observation of АВ is 16000, which is more than the expectation 
there is a positive association between A and B. 


(ii) Proportion of B in A's, i.e., ABJA = 0 
and ,, „ „B in a's ie., aB[a ж 200-2. 


Ё aB 
Thus <2 
Therefore, there is a negative association between A and’ B. 
© (iil) (AB) x (aB)--2560 x 14403686400 
and (A) x(aB)=480 x 7680—3686400 
(AB) X (aB)—(A8) x (aB) 
Thus, A and B are independent. 
И денне е association between darkness of Р i 


Father with dark eyes and sons with dark eyes=500 

Father with dark eyes and sons with not dark eyes=790 
Father with not dark eyes and sons with dark eyes=890 
Father with not dark eyes and sons with not dark eyes—7820 


SOLUTION. Denoting 


Fathers with dark eyes by A and fathers with not dark eyes by a ands 
dark eyes by B and sons with not dark eyes by B Ў 


Our data are: 
(AB)=500, (aB)=890 
(AB)—790, (аВ)—7820 


Now, 


Percentage of dark-eyed amongst the 
sons of dark-eyed fathers ie, -АВ x 199 


AB 500 50000 
ог ABFA 100-500-797 X100— 1250 
=39% approx. 
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Similarly percentage of dark-eyed amongst the 
sons of not dark-cyed fathers, i.c., aB x100— 890 x100 
a 


3904-7820 
__ 89000 =i 
= 3710 10% approx. 
L Acomparison of two percen reveais clearly that there is a positive 
Meciation between darkness of — ا‎ in father and in son. 
- PROBLEM 9.15. Can vaccination be regarded as a preventive’ measure for 
ox from the data given below ? 
Qf 1,482 persons in a locality exposed to small-pox, 368 in all were attacked. 
Of 1,482, persons, 343 had been vaccinated and of these only 35 were attacked. 
SOLUTION. Let A be the attribute of vaccination, 


&, that of non-vaccination 
B, that of exemption from attack of small-pox 
and f, that of attack of smallpox. 


Then, our data are : 

N=1482;(A)=343; (8)—368:(AB 35; 

From the above (A)—343 

(AB)=(A)—(A B)—343—25— 308 
(2)—N—(A)—1482—343—1139 

(aB)—(B)—(AB) —N—(B)—(AB)—1482—368—308—806 
Now, percentage of vaccinated who were not 


attacked, le. x 1034 x100 
9095 


and percentage of not vaccinated who 


were aB 806 
Dot attacked, i.e. X 100-1139 Х100=71% 


А comparison of the two а › fact that vaccination and 

"emptio percentages brings out the fact the 

am from attack are positively associated. Hence, vaccination may be regard- 
Preventive measure for small-pox. 


ain OBLEM 9.16 In an an tain area, quinine was 

i; i ti-malarial campaign in a certain area, 

ed to = 2 persons out of a total population of 3248. The number of fever 
OW i= 


tases is shown be 


Treatment Fever No Fever 
Quinine 20 792 
No-quinine 220 2216 


Discuss the usefulness of quinine in checking malaria, 
SOLUTION. Denoting. 


Quinine treatment by A and no quinine treatment by a 
Eo. attack of fever by B and attack of fever by B 

(AB)=792, (aB)=2216 

(^8—20, (аВу—220. 
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From the above, 
(A)—(AB)-H(AB) —7924-20— 812 
From the above, 


(@)=(B)+(oB)=2216-+-220=2436 

Now, 

percentage quinine treatment cases which 

were attacked, Le. AE x100— Ar % 100=2.5% 


and percentage of no quinine treatment cases which 
were attacked, ie B 100 — 220, x 100994 
a 12439 
А comparison of the two percentages brings out the fact that q 
ment and attack from fever are negatively осше. From the ab 
concluded that quinine is effective in checking malaria. 4 


PROBLEM 9.17. Can it be concluded from the data given in t 
table that bottle-feeding is conducive to malocclusion of teeth ? 


Malocclusion of the Teeth in Infants 
Normal Teeth 
Breast-fed 
Bottle-fed 
SOLUTION. Denoting 


y A; and Bi i 
Bottle-feeding by Тес Normal toe Я 
(АВ) =21;(4В)—11; (ag) —9 
From the above, 


O- (ABH-AB)—21--1 =22; (a)—(aB)4-(aB)—11-1-9—20. 
Now, Percentage of bottle-feeding cases leading 


to malocclusion, le, —^B 199.95 80% 


and percentage of breast-feeding cases leading 
to malocclusion, ie, -P x 100 100-8596 


i A comparison of the two percenta; brings out clear]; m 
feeding is conducive to malocclusion of teet crab ebd З 


PROBLEM 9,18. Do you find E 
and sisters from the yes aoe deed association between the › 


Good-natured brothers and good-natured sis 1220 
vn v ie and sullen sisters Es 

5 good-natur. A 
Sullen brothers and sullen sisters Te “ 
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SOLUTION. Denoting. 

Good-natured brothers by A and sullen brothers by a 

Good natured sisters by B and sullen sisters by B. 

e given data are (AB)—1230 ; (AB)=850 ; (а8)=530 ; (а8)==980 
From the above, 


(A}=(AB)-+(A8)=1230-+-850=2080 
(a) (aB)-(a)—530--980—1510 


Percentage of good-natured sisters amongst the sisters of the good-natured 


Trotters, that is AB x ı00 1730- х100—59%. 


and Percentage of good-natured sisters amongst the sisters of the sullen 


„ _aB __ 530_ = 
Койкгз, that is -g *10= 1510 *100—35% 


A comparison of the two percentages brings out clearly the fact that the 
bempers of the brothers and the sisters are positively associated. 


PROBLEM 9.19. Explain the method of finding association between two 
attributes. Out of 70 thousand of literates ina particular district of India, number of 
triminals was 500. Out of 930 thousand of illiterates in the same district, number of 
@iminals was 15 thousand. On the basis of these figures, do you find any association 

n illiteracy and criminality ? 


SOLUTION. Denoting: 
Mliterates by A; literates by a; 

nd criminals by B; and non-criminals by f the data аге: 
(A)=930,000 (AB)=15,000 


(2)}= 70,000 (aB)=500 
Now, 


the Percentage of literates who are criminals ; 


p har is, AB × 199 — 15000 „ 1001.60 


A "930,000 
and the percentage of literates who are criminals, 
that is, 23 Eu — 
y x 100705000 100. 7% 


А, COmparison of theabove two percentages brings Out clearly the fact that 

| y and criminality are positively associated. 

| ‘ton j ROBLEM 9.20. (a) Write a short note on the use of Co-efficient of Associa- 
A analysing economic statistics. 

betw, (b) From the figures given in the following table, compare 


арт тасу a i urban areas, and give 
ference, Fang M unemployment in rural and y 


F. 29 


the association 
reasons for the 


|-——À ы 


338 Practical Problems in Statistics 


Urban 
Total Adult Males ` 25 lakhs 
Lixrom Males 10 lakhs 


SOLUTION. Denoting : 
Literate males in lakhs by A, and unemployed males in lakhs by В, 


data аге: 
i Urban 
N 25 
10 
(A) 5 
) 3 
Urban 
From the above, 


I-A) (AB)—10—3—7 
23)—(B)—(AB)— 5—3—2 
(aB)—(a)—(4B1—N—(A)—(2B)—25—10—2 —13 E 
Substituting these values in the Yule’s formula for co-efficient of associi 


=> 105 705 (aB) 
ge (a| AB) (aB) 


We get, 
(3) (13 39—14 25 
-G 3, 49 =I == 47 
Rural : 
From the above, 
(AB) =4 
= А)—(АВ)= 40— 4 = 36 
(AD — AN e 12-4. 421$ 
(aj —N—(A)—(aB) =200—40—8=152. 


Substituting these values in the Yule's formula : 
م¿‎ (AB) (a ) (aB) 
` (AB) (а )( 
Where О represents the co-efficient of association 
We get, 


(4х 152)—(36х8) 608—288 320 
9= dx Q6x8) ^ 608288 = 5с = +357. 1 
Thus, there is a positive association between literacy and unemplo 


rural and urban areas. Itis, however, less in the case of rural as co m par 4! 


PROBLEM 921. The followi . he numb. literates 
nals in three cities of UP. following table gives the number of 


Meerut — Bareilley 


Total number (in thousands) 244 184 
Literates (in thousands) 40 47 
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criminals (in hundreds) 3 . 2 3 
criminals (in hundreds) 40 20 M 


Compare the degree of association between criminality and illiteracy in each of 
above three towns. j 


| SOLUTION. Denoting : 


llliterates (in hundreds) by А and literates (in hundreds) by a and criminals (in 
) by B, and non-criminals (in hundreds) by f the given data are, 


Meerut — Barcilley Saharanpur 


2440 1840 2300 
400 470 330 
3 2 2 
(AB) 40 20 24 
the above, 
Second-order frequencies of the data may be put down as follows : 
(AB) = 40 20 24 
(aB = 3 2 2 
(AB)&N—(a)—(AB) =2000 1350 1946 
tap) (а)—(аВ) = 397 468 328 


Substituting the above values іп the Yule's formula 
(АВ) (a8) —(AB) (aB) 
(AB) (a8)--(Af) (aB) 
Where Q represents the co-efficient of association, 
We get, 


0 Meerut— (40% 397)—(2000 3) 9880 : 
u (40 3 00003) 21880 о apres 


Q Bareilley —. (20:468)—(1350X 22) 8600 
Puy (20 х 468)--(1350x2) 12060 9259 SBOE 


" QSaharanpur (24% 328419462) _ 3980 _ 
Pur— (A 328)4(19462) 11764 -+.34 approx 


Thus, there i m 1 11 n Se ET Meo n 
three tons there is a positive association between criminality and illiteracy in a 
Rus OWns. But it is more in Meerut and Bareilley than in $аһагаприг. Ás between 
| and Meerut it is more in Bareilley. 

PBOBLEM 9.22. А census revealed the following figures of the blind and the 
ч two age-groups in a certain population. 


| Age-group Age-group 
| 15—25 years Over 25 years 
Total Population к 2,70,000 1,60,200 
Number of blind S 1 2,000 
umber of insane EN 8000 1, T 


lumber of insane among the blind . 


the (а) Obtain a measure of the association between blindness and insanity in each of 
age-groups. 


with QD, Do you consider that blindness and insanity are assoc 
? in the two age-groups, or more in one age-group 


iated or disassociated 
than in other ? 


340 Practical Problems in Statistics 


SOLUTION. Denoting : 


Blindness by A, and non-blindness by a, insanity by B, and sanity by fús 
given data are : 


Age-group t 
15—25 years over 
= 2,70,000 1,60 
(A) == ,000 
(B) = 6,000 
(АВ) = 19 j 
From the above the class-frequencies of the second order of the two age-g 
may be put down as follows :— 
Age-gro 
15—25 years Over 25 y 
= 19 9 
A ‘A)—(AB = 881 1,991 
(aB)—(B)—(AB) = 5,981 991 
а| а)—(аВ)= 
—N-—(A)-(aB = 2,63,019 1,57,209 


Substituting the above values in the Yule's formula : 


о = (AB) (48)—(AB) (am 
(AB) (a)--(AB) (aB) 
Where Q represents the co-efficient of association, 
We get, 


15-3 _ (19 x 263019) (981 x 5981) 
Q for 1525 age-group = (19.283015 09813981) 
..4997361—5867361 _ —870000 _ gg 
~ 499136145867361 — 10864722 
__ (9x157209)—(1991 x 991) 
and Q for over 25 age-group— (9157209) (1991x391) - 
1414881—1973081 _ —558200 16 
id 1414881--1973081 ^ 3387962 , 
Thus, there is a disassociation between blindness and insanity in both fie 
groups. But the degree of disassociation is more in the ‘over 25 years 1 
than in the *15—25 years age-group.' 


PROBLEM 9.23. Calculate the Co-efficient of Association between extr? 
in fathers and sons from the following data :— 


Extravagant fathers with extravagant sons a” 
Extravagant fathers with miserly sons 

Miserly fathers with extravagant sons 

Miserly fathers with miserly sons 


SOLUTION. Denoting : 


by 
Extravagant fathers by A, and miserly fathers by a , extravagant sont ү 
and miserly sons by f, the given data are: ‘ 


(AB)=327 : (AB)=S45 ; (aB)—741 ; (9255. 
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bstituting the above values in the Yule’s formula for co-efficient of associa- · 


(AB) (аВ)—(АВ) (aB) 
AB) (aB)2-(A B) (aB) 
Q represents the co-efficient of association, 


| 327 x 235)—(545 x 741) _ 76845403845. —32000 — 
= (327 х235)-4(545 x 741) — 76845-1-403845 = 380690 

there is a negative association between extravagance in fathers and sons. 

ient of association between the two is —.68. 


PROBLEM 9.24. The male population of a certain state in India is 331 lakhs. 
"number of literate males is 66 lakhs and the number of male criminals is 33 thou- 
If the number of literate male criminals is 6 thousand, calculate the 
sociation between literacy and criminality in this state. 

Ne Denoting literate by ‘A’, illiterate by ‘a’ and criminal by ‘B’ and 
al by B. 

he data are: N =3,31,00,000 

A 00, 


27,000 


=N—(A)—(@B) 
=3,31,00,000—66,00,000—27,000 


— (АВ) (aB) - (AB) (aB) 

(AB) (@B)-F(AB) (aB) 
— (6000 x 2,64,73,000)—(65,94,000 x 27,000) _ 27908050000 
(6000 2.64.73. 000) Ps, 54.000 X 27,000) 3,34,87,60,000,00 


cent ci 
P per cent 


75 2 
5 42 
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Find the co-efficient of association between the weight of the children 

social status. 
SOLUTION. Denoting : 


Poor children by A, and well-to-do children by a and below normal 
В, and above normal weight by £ the given data are : 


(AB)=75 ; (AB)=5 ; (aB)—23 ; (agj—42 1 
Lo 


Substituting the above values їп the Yule's formula for co-efficient of, 
tion. 


о — (AB) (aB)—(AB) (ав) 
(AB) (a8)--(AB) (4B) 


Where О represents the co-efficient of association. 
We get, 


.LU$x42)—(5 x23 . 3150-5 3025 
a= x42 45x 5 = 31504-15 3255 1-929 
Thus, there is a positive association between the weight of the children andi 
social status. The co-efficient of association between the two is . 929. 


PROBLEM 926. In December 1974 there was an outbreak of cholera in 
in Bombay. i 


Trace the association between [a] inoculation and contracting the disease [b]. 
oculation and mortality among persons who have coi 


ntracted the disease. 
SOLUTION. (а) Denoting, 


. Inoculation by A, 
given data are, 
(A) —147:(a)—127. 
(aB) = 10;(AB)—3. 
(AB) =(A)—(AB)=(1473)—144, 
(aß) —(2)—(aB)—(127—10)— 117. 
Substituting these valucs in Yule's formula, 
Q- (A) G )—(А im Wes 
Q is the co-efficient of association, we get, 
Q —G* 117—(144x 10) 351—1440 1089 
GXTIT E44 x10) = 


absence of it by a, infection by B and absence of it by f. U 


| GXTID-EGA4x 0) — 35111440 ПГ е 
шз е co-efficient of association, 


o If 5 4 denote inoculation and its absence respectively, amongst th 


MN res 
the given data are : and B and f represent death and recovery 


(А) =3; (а) =10. 
(AB)=0 ; (aB) =6, 
The values of 


(AB)—(A) —(AB)—3—0—3; 


between inoculation and contracting. 


(a)—(a)—(aB)—10—6—4. 
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Substituting the values in Yule's formula of co-efficient of association, we get. 


0 -G _—18 __ 
07074109 18 О. 
Thus the co-efficient of association between inoculation and mortality among. 
"persons who have contracted the disease is—1. 


1 PROBLEM 9.27. The following table shows the distribution of the temper ir 
poirs of sisters in an exhaustive school enquiry : 


First Sister 
Second Sister 
Good-natured Sullen Total 
Good-natured 1040 180 1220 
-Sullen 160 120 280 
! Total 1200 300 1500 


Trace the association, if any, in the distribution of. tempers in first sister and 


second sister. 
SOLUTION. Denoting second sister good-natured by A and sullen by a, and 
fist sister good-natured by B and sullen by B, the given data are : 
AB=1040, AB=180, aB=160, ap=120. 
Substituting the above values in Yule’s formul 
qu (AP (aB)—AB)aB) 
(AB) (aBH-(ABXGB) 


We get, 


a of co-efficient of association. 


_ (1040 x 120)—(180 x 160) 124800—28800 _ 96000 . 625. 
(10405:120)--(180x 160) — 124800-.28800 51,600 
temperament of first ап 


Thus the co-efficient of association between the 
Second sister is .625. 
nt of association between the type € 


PRO " -efficie 
BLEM 928. Find out the co-effi following table — 


college training and success in teaching from the 
Institution Successful Unsuccessful Total 
Teachers’ College E- 58 42 100 
University b. 49 5i 100 
Total 107 93 300 


SOLUTION. Denoting. 


Teachers’ Colle E & 
@ thie given data ion by A, University by a. 


(AB)—58; (A B) —42(aB) —495(af)—51 


successful by В and unsuccessful | 
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Substituting the above values in Yule’s formula for co-efficient of 


QAB (aB) a 
(AB) (aB)--(AB) (aB) ^ 


(58 х 51)—(42х49) _ 2958—2058 90 
-A e 72958-2058 le- 18. 
Thus, the desired co-efficient of association is—.18. 


PROBLEM 9.29. What do you understand by contingency ? Cala i ] 
efficient of association between relief recipients and type of. relief from the. 
contingency table :— 


Race 
Type of relief amm ꝛĩñx 
Negro White 
Work 72 376 E 
Direct 154 250 p 
Total 226 626 E 


SOLUTION. Denoting. 


Work by A, Direct by a, Ni by B and White by B, the given data a 
AB—72 ; AB—376 1 ; o 250: В гў 


Substituting the above values іп Yule’s formula of co-efficient of asso 


о — (AB) (a8)—(AB) (aB) 
(AB) (aB)--(AB) (28) 


Q—(2X280—176x154 _ 18000-57904 —39904 — s3, 
x 6x 154) ~ 18000-1-57904 75904 
Thus the desired co-efficient of association is—.53. 
9.30. When are two attributes said 10 be (a) indepena 
tively associated, (c) negatively associated ? What are the conditions to 
by class-frequencies in each of the above cases ? 


a M torn ha е association between darkness of eye-colour in father an 


Combination 
Fathers with dark eyes and sons with 


dark 


Fathers with dark eyes and sons with 
not dark eyes «a ES m os ] 
Fathers with not dark eyes and 3 


with 


Fathers with not dark eyes and 
with not-dark eyes EM б" "i 2 E A 

What would have been the frequency of fathers with dark eyes and sons wit 
eyes, for the same total number, had — ge complete independence ? І 
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SOLUTION. Denoting. 

Father with dark eyes by ‘A’ and father with not dark by ‘a’ sons with 
eyes by B and sons with not dark eyes by g the given are 

(АВ)=50 ; (A8)—79 ; (aB)==89 ; (aB)—782 

Substituting the above values in the Yule's formula for co-efficient of associa- 


Q- AB (aB)—(AB) (aB) 
ТАВ) (ag)--(A B) (aB) 


Q2» 782)—(79 x 89) .39100—7031 „32069 | 69 
(5027785) (793: 89) —39100--7031 — 46131 1 


Thus, there is positive association between darkness of eyes of fathers and sons. 


If the two attributes were independent the frequency of “fathers with dark eyes 
fons with dark eyes“ would have been, 


ехо. (A)—(AB)--(AB)—50--79—129 


(B) (AB)-l-(3B)—50---89—139 

_ Ne (AB)-- (A B)--(aB)-- (a)-—50 4-79 4-89-1-782—1000 

DIAJX(B) 129x139 
нЕ m 8 


PROBLEM 9.31. Explain clearly what you understand by association and 
association. 


Ina state with a total population of 70,000 adults, 34,000 are males and out ofa 
of 6,000 graduates, 700 are females. Out of 1200 graduate yees of the 
1400 are females. Is there any sex bias in education among people ? The state 
that no distinction is made in appointment in respect of sex ? How far is their 
substantiated by the data given above ? 
„ 5300x100 

80 or 16 

LUTION. The percentage of males who are graduates is 34900 — 


100 
The percentage of females who are graduates is p or 2 approx. 


__ These percentages clearly show that there is a sex bias in education. A larger 
lage of males than females get education. 


г ео is по sex distinction in matters of appointment, then out of 1200 gradu- 
*mployees the number of females should be. 


700 
е M 140. 


пае! actual number is 200 which shows that there isa bias in favour of 
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REVISIONAL PROBLEMS -9 


PROBLEM 9. population of 400 students, the number of ma 
160. Our of 120 students who felled, 48 belonged to the married group. Ш 
ed to find out whether the attributes of marriage and failure are indepen 
tively associated or negatively associated. 

[Ans. (i) Proportion of married students who fa 
(ii) Proportion of unmarried students who 


Since the two proportions are the same, we can conclude that the attrib 
riage and failure are independent. 


PROBLEM. 9.33. One hundred and seventy six residents of an Indis 
who were interviewed during a le survey, are classified below accordi 
smoking and tea drinking habits. Calculate | Yule's Co-efficient of oc 
comment on its value. 


Smokers 
Tea Drinkers 80 
Non-Tea Drinkers 6 


[Ans. 


PROBLEM 9.34. 1f (A)—50 ; (B)—60 and 2 what would be the 
of (AB) if the two attributes A and B are independent ? 1 
[Ans. 


PROBLEM 9.35. Given N—3,000 ; (B)—720 ; (A)—766 ; (ABS . 
pare 2x 2 fold contingency table. Compute ule's Co-efficient of Association. 
[Ans. O 

9.36. The following data relate to literacy and unemploy 
a group Dot S 1000 persons. You are required to calculate Yule’s Co-efficient of 
ciation between fiteracy i and unemployment. » 

Illiterate Unemployed 

Literate Employed 

Illiterate Unemployed 

[4ns. Q 


PROBLEM 937. In a co-educational institution, out of 1,000 stu 
were boys. wrote an examination and it was found that 600 passed, 
had | failed. Is there any association between sex and success in the exam 


PROBLEM 9.38. From the following ultimate class frequencies, 
quencies of the positive and negative classes and the total numer of o 


(AB)=100 ; (aB)=80 ; (AB)—50 ; (af)—40. Е 
[Ans. (4)—150 ; (B)—180 ; (a) 120 ; (B=? T 
PROBLEM 9.39. From the following data, find out the missing 11098 


(AB)—200 ; (A)=600 ; (B)—1200 ; N=2,000 A 
Ans. (AB)—400 ; (a)—1,400 ; (B)—800 ; (aB)—1.000 : PF 
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PROBLEM 9.40. From the following two cases find out, whether the data are 
саем or not. 
Case I (A)=200 ; (B)=300 ; (AB)=120 ; N=1,000 
Case II (A)==200 ; (B)=300 ; (AB)=280 ; N==1,000 
[Ans. Case I Consistent ; Case I1 Inconsistent) 


р PROBLEM 9.41. Calculate the Co-efficient of Association from the following 
(1) — (A)—60 ; (B)=80 ; (AB)—48 ; №100 
(2)  (A)—60 ; (B) 280 ; (AB)=60 ; N=100 
€)  (A)—60 ; (B)-80 ; (AB)—40 ; N=100 
(® (4)—60 ; (B)—80 ; (AB)=50 ; N= 100 


(Ans. (1) Q—0; (2) 0=-1-1, (3) Q— —15 (4) Q—4-25] 


Consistence of Data 


is obvious that when Statistics of Attributes are collected no c 
should be negative. If any class frequency is negative the data are said to 
sistent. test the consi 


Tn order to consistence of data we should try to find out if 
any class with а negative If A, B, and С stand for the presence 
attributes and a, B and у for the absence cf the same the following conditions 
be fulfilled otherwise the data would be inconsistent :— 

One Attribute 
а) А+О Otherwise A will be 
0 АУМ + a و‎ 
Two Attributes 
а) АВ+0 is AB „ 
Q) AB+A+B—N » aß „ 
(3) АВА 5 AB 5 
(4) ABB = eB ж 
Three Attributes 
а) АВС+0 „ ABC „ 
(2) АВС+АВ+АС—А „„ АБУ Se 
(3) АВС+ AB+BC—B Б» аву „ 
(4) АВС+АС-ЕВС—С „ ойс 
(5) АВС+АВ „ РАВУ S 
(6) ABC+AC „ APC » 
(7) ABC4: BC „ ag 
(8) ABC« AB--AC--BC—A—B 


CN „ aff» 


In this chapter various types of questions have been solved to find out! 
data given are consistent or E 5 


PROBLEM 10.1. The following data are given in a report. 
N=1000 ; (AB)=200 ; (AB)=350 ; (aB) 500. 
Show that there must be a misprint or mistake of some sort. 


SOLUTION. There is nothing obviously wrong with the figures. x 
are certainly inconsistent. 
(aB)=N—(AB)—(A8)—{aB), 
Substituting the given values, we get, 
(aB)=1000—200—350—so0== 50. Р 
It is obvious that no class-frequency, occurring Бу counting of br 


a negative. Hence there must be a misprint or mistake of some sort i 
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PROBLEM 10.2. To investigate the association between eye-colour of husband 
© eve-colour of wife, the following. data are available. xi 


Husbands with light eyes and wives with not-light eyes e. IM 
Husbands with now light eyes and wives with light eyes ИС" 
Husbands with nordight eyes and wives with notrlight eyes — 238 
Husbands with light eyes — 400 


Do you find any inconsistency in the above data. 
SOLUTION. Denoting. 


Husbands with light eyes by Aand 
Husbands with not-hght eyes by a 
Wives with light eyes by Band 
Wives with not-light eyes by 8 
‘the given data are : 
(AB)=414 ; (aB)—260 ; (а8)=238 ; (A)=400. е 


From the above, (AB)—(A)—(AB)—400—414— — 14. 
ence the given data are inconsistent as it 


| Thus AB has got a negative value. H 
is that no class-frequency occurring by counting real attributes can be nega- 


PROBLEM 10.3. In an investigation measurements were made on а мм 


and a thousand wives. From the records of the said investigation, it is] 
that the measurements of the husbands exceeded the ‘measurements of the wives in 800 


‘taxes for one measurement, in 700 cases for another and in 420 cases for both measure- 


Show that the data are inconsistent as they stand. 
__ SOLUTION. Let A be the measurement of husbands exceeding that of the 
es in one, and B in the other case. 
Then, 

(A)=800 ; (B)=700 ; (AB)=420 ; N=1000 

(AB):(A)-(B) —N : or (AB) 4:800-700—1000 ; or (AB) 4:500 

But the given value of AB which is 420 is less than the above value. Hence the 


‘Sala are inconsistent, 
ber of 

PROBLEM 10.4. A labour welfare officer returns the following num 

: ез observed with certain classes eee, amongst a number of factory workers. 

A denotes development defects and B low nutrition. 


N=600 ; (4)—250 ; (aB)=400 ; (AB)=200 

Do you find the data consistent ? dn 
SOLUTION. From the given data, 

N=600 ; (A)=250 ; (AB)—-(A)—(A8)-—250—200—50 
(B) - (AB)+(aB)=50+400=450 
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Now, according to the conditions of consistence, h 
(АВ) (A)HB)—N ; ог (AB)+ 2504-450600 or (AB)4100 
But the value of AB is 50 which is less than 100. Hence the given dai 


PROBLEM The follow. the tio 1000 of boys д 
. certa asset Of defen e pe 1000 af | chi 


й 
AC)—150 
ee ee 


Show that the information as it stands must be incorrect. 
SOLUTION. According to the conditions of consistence. а 
(ABC) (AB)-HAC)3-(BC)—(A)—(B)—(C)--N. K 

i get, 


the values, we 
(ABC) +80+150-+-85—520—310—470-+-1000 
or ABC+15 P 
idis e UM ы value of ABC is 25 which is more than 15. Hence E 
— 10.6. A market investigator returns the following: 
8110 liked chocolates ; 7520 liked toffee ; 
4180 liked boiled sweets ; 5700 liked chocolates and toffee ; 


3500 liked chocolates and boiled Sweets, and 3480 liked toffee and boiled: 
2970 liked all three. 


Show that this information as it stands must be incorrect. 
SOLUTION. Denoting. 
Persons who liked chocolates by A ; Persons who liked toffee by B and 


who liked boiled sweets by C; 
the given data are: E 
А) —8110 - - 
) zx ао 250 ‘a 
‘ABC)=2970 к 
(АВ) 5700 ү N =10000 D 
Now, according to the conditions of consistence, y: 
(ABC)+(AB)+(AC)+(BC)—(A)—(B)—(C) LN. . p 
Substituting the given values, we get, n 


(ABC) +5700--3500--3480—8110—7520-_4180--10000 
or (ABC) $2870 ; 
So ABC can be either ; the dal 

is 2970. Hence the data аон ата 


PROBLEM 107. Fr i towing i 
Hon is supplied . „ om the office of a railway hospital, the fo 
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1 

percent of the patients ате men, 60 cent are “aged” (over 60), 75 
-4 4 L 3 РЁ cent aged som, 43 pn. e 

emt aged non-able-bodied men. 

Do you think that the information as it stands is correct ? 


SOLUTION. Denpung 

The attribute ‘men’ by A ; the attribute ‘aged’ by B 

and the attribute ‘non-able-bodied’ by C, 

the given data are, 

№100 : (AB)=37 ; (A)—55,(AC)—43 

(B}=60 ; (C)—75 ; (ABC) =20 

Now, according to the conditions of consistence, 

(АВС) +(AB)+-(AC)—(A) 

- Substituting the given values, we get, 

(ABC)437--43—55 ; cr(ABO) «25 

- The values of (ABC) as per the given data is 20 which is less than 25. Hence 
given information is incorrect. 

` PROBLEM 10.8. 1000 persons of London were asked by a B. B. C. investigator 
he the nationality of the pes they liked. He returns the following data :— 

570 liked English ; 650 liked French, and 

480 liked German. ; 440 liked English and French 


360 liked French and German, and 240 liked English and German 
125 liked all three. 


Show that the information as it stands must be incorrect. 
SOLUTION. Denoting 


Persons who liked music of English nationality by A, 
| who liked music of French nationality by B, 

Persons who liked music of German nationality by C, 
the given data : 

N=1000;(AB)=440 ; (A)—570; (AC)—240 

(B)-650BC)— 360 | (C) 480 (ABC) 125 

Now according to the conditions of consistence, 

Ser. O- 

7 tuting the values of (AB), (BC) and В, we get, 

ABC)4 440.1 360—650 ; or (ABC) 4:150 : 
inus per the data given the value of ABC is 125 which is & 150. Hence the in- 
1$ incorrect, 


: OBLEM 10.9 Шу observed, 
low that .9. If a report gives the following frequencies as actual 

in пеге must be misprint or mistake of some sort, and that possibly * misprint 
у the dropping of a 1 before the 85 given as the frequency (BC) :— 


(4)— 510 y = 189 

(B)—490 9 

(С)=427 Soz 15 
SOLUTION, According to the conditions of consistence. 


or (Bo) AO+BO (AHB) HC) -N: 


X(A)-HB)-HC)—N—(AB)—(AC). 
ituting the given values, we get, 
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(BC)4.510--490-1-427—1000—189— 140 or BC 98. 
But the value of (BC) is 85 which is less than 98. Therefore 
not be the correct value of (BC), 


If we read 185 for 85, all the conditions of consistence are fulfilled. 
PROBLEM 10.10. Prove that the following data are inconsistent :— 


=1,000 AB) =483 
3 = 525 (48) =378 
(B) = 312 (By) =226 
C) = 470 (ABC)= 25 


SOLUTION. From the data given : 
AB)—(A)—(A)—525—483—42 
шә АӨ m 147 
)—312—226—86 
According to conditions of consistence no class-frequency should be 
In the problem : 
apy=N—A—B—C+AB+AC+BC—ABC 
—1000—525—312—470-I-42-1-147--86—25—1275—1332— —57 
Thus, the data are inconsistent. 
PROBLEM 10.11. The following information is given to you :— 
100 children took three examinations. 40 passed the first, 39 passed the 


and 48 passed the third. 38 passed the first and the second. 35 passed the first 
third. 37 passed the acted tat the ra 


Show that the information as it stands must be incorrect. 

SOLUTION. Denoting. . 

Success in the first examinati A; Success in the second examination 
and Success in the third eram: rss E 

the given data are: 

N=100;(AB)=38 ; (A)=40;(AC)=35 

(B)=39;(BC)=37 ; (24 

Now, according to the conditions of consistence, 

(AB)—(AC)--(BC)4:(B) or (BC) (B)—(AB)-HAC) 

Substituting the given values, we get, 

(BC) 39—384-35 or (BC): 36. 

The given value of (BC) is 37 which is + 36. 

Hence the given information is incorrect. 


5 пй 
PROBLEM 10.12. The following summary appears ina report 0 
covering 1,000 fields. ee the numbers, and point out if there be any 

misprint in them :— 


parcem 

rrigated fields ... кА se e н 
ГЕ growing improved varieties - * "E 
Fields both irrigated and manured se — . 
Fields both manured and growing improved varieties E "C 
Fields, both irrigated aad growing improved varieties ш 


SOLUTION. Denoting 


Manured fields by A ; ifrigated fields by B 
and fields growing improved varieties by C, the given data are : 
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N =1000 (AB)—189 
= 510 (АС)=140 
) (BC) = 85 


ording to the condition of consistence. T 
AB)-HAC)--(BC)& (A)-B)-HCO)—N. а x 
bstituting the above values for (А), (В), (C) and М, ve get. 
(AB)-HAC)-H(BC) 4 510--490--427— 1000 or (AB)HAC)HBC) £427, 
,as per summary appearing in the report, Р 
4 AC)--(BC)—1894-140-1-85—414, which is less than 47. 
ince there must be a misprint or mistake of some sort in the given figures. ja 


1013. The following із. a summary of the statistical features of а 


No. Categor. Total number of cards 
e belonging to the 
category 
The whole of the census Sae 10,000 
Permanent residents > 5,100 
Males T 4, 
E Consumers of rice ve „270 
— Permanent niale residenis — 1.890 
“ Consumers of rice among per- 

manent residents 1,400 


Е 


E Males consuming rice E 
that the entry against item No. 7. is inconsistent with the entries against all 
items, namely, 1, 2, 3, 4, 5 and 6, taken together. 


SOLUTION. Denoting 


Permanent residents by A ; males by B, and consumers of rice by C, 
Ше given data are 


(AB)=1890 
m 68885 
= 4270 o 


ү, according to the conditions of consistence, 

n, or (BC)&(A)-H(B)-F(C) —N— 
-(AC). 

ituting the given values for (A), (B), (C), N, (AB) and (ВС) 


(вс #$100-+ 4900-+4270—10000—1890—1400 


Ade given value of (BC), is 970 which is less than 980. Hence, it can be said 
(ry against item SA F is inconsistent with the entries against all the pre- 

75, namely 1, 2, 3, 4, 5 and 6, taken together, 

DBLEM 10.14. [fin a village actually affected by anthrax, 70 cant of 


Gre attacked and 85 per cent have been inoculated with vaccine. 


‘centage of the inoculated that must have been attacked ? 
UTION. Denoting 


the attribute of attack by A ; 
E в yA; 
in attribute of inoculation by B ; 


Е. 23 
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women between 20 and 25 years of age were returned as “employed” at aci 
350 per thousand as married or widowed, what is the lowest proportion per 
the married or widowed that must have been employed ? 


have been employed AP. 1000 or $99 x 1000 or 118. 


Jor certain classes of defects amongst a number of school-children, 


must 


found 


observed for certain classes of defects amongst a number of factory workers 


many at least do not do so. 


the given data аге: 

(A)=70 ; (B)--85 ; N—100 

We have to find the lowest percentage of AB. 

e and (AB) CHA) SN 1a, 0-185 100 55 

Hance езде ү sanua be asa han 25 Чы" 

Hence the lowest percentage of the inoculated that must have been 


(* 10 —55 * 100)-65 per cent. 
PROBLEM 10.15. /f, in the urban district of Bombay, 250 per. t 


SOLUTION. Let A be the attribute of employed women, 
and B, that of the married or widowed women. 

Then, 

(A)250 ; (B)=850 ; N=1000 

Now, 

in order that none of the ultimate frequency is negative, 


(AB)4:0 and 
WS ем, i.e., 250-+850—1000, ог 


So (АВ) cannot be less than 100. 
Hence the lowest proportion per thousand of the married or widowed thi 


PROBLEM 10.16. The following are the proportions per 1000 of girls o 


A=development defects, nerve signs, C— mental dullness. 


ton" E 
(В)= 85 = 
(O= 69 


Stow that some defectively developed girls are dull and state how many 
so. | s 


SOLUTION: In the above question, the least possible value of (AC) 
ош, 


Now, according to the conditions of consistence, 
(AB)—(AC)+(BC)+(B) or (AB)--(BC)4:(B)--(AC) 
ог (B)-F(AC):(AB)J-(BC) or (AC) (AB)--(BC)—B, 
or (AC)4: 55--36—85 or 6. * 
Hence, there must be at least 6 defectively developed girls who are cul 


PROBLEM. 10.17. The following are the proportious per 5,000 of 


A= development defects ; B=nerve signs ; D=mental dullness, 
573000, (D)—400 ; (A)=440;(AB)=170 ; (В)=545, (BD) 220. 
Show that some dull workers do not exhibit development defects and УШ 
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oci In the above question, we have to find out the least possible 
(aD). 

$e, we should find out the greatest of possible value of AD 
According to the conditions of consistence, 

1l) AB+-AD—(BD)<¢(A) or (AD) CA)-HOBD)-4AB) 
bstituting the given values of (A), (BD) and (AB) we get, 
(AD) 3-440-1-228—170 or; AD) +498. 

0) Similarly, 

7/AB)H-(AD)--( BD) D or (AD): D--(AB)—(BD) 
Substituting the given values of (D), (AB) and (BD), we get, 
(А) 400-1- 170—228 or (AD) +342. 

Bo. the greatest possible value of (AD) is 342. 


I3D)&-(D)--« AD) or (aD) =400—342=58. 
NUM least number of dull workers who do not exhibit development 
is 58. 


PROBLEM 10.18. Given that 50 per cent of the inmates of college hostel are 

per cent ure between teens, 80 per cent intelligent, 3$ per cent girls between 
Sper cent intelligent. girls, and 42 per cent between teens and intelligent. 
€ ile greatest and least possible proportions of intelligent girls between teens, 


SOLUTION. Denoting the attributes ‘girls’, "between teens and ‘intelligence’ 
B and C, respectively. and letting N=100, the given data are : 


(A}=S0;(AB)=35 : (B)=60;(AC)==45 : O 80(BC)-42. 
The greatest and the least proportions of (ABC) have to be found out. 
Ing to one set of conditions of consistence : 
(ABC) 0 
(АВС) (АВ)--(АС)—(А), of, 35-1-45—50- or 30. 
(ABC) ¢(AB)-+(BC)—(B), or, 35-1-42—60, or, 17. 
АВО) (AC) O ог, 454-42—80, or 7. Е 
So, the least possible value of ABC is 30. According to another set of condi- 
C zn 
(AB) i.e. 35 
(ABC) (АС) i.e. 45 
(ABC) (BC) i.e. 42 
IABCHAB)--(AC)--(BC)—(A)—(B)— (С) 
Fan 
32, 
So the greatest possible value of ABC is 32. 


PROBLEM 10 i 50 cent of 
i 19. Among the adult population o! а certain town 30 per 
} on are male, 60 p^ cent are oft varners and 50 per cent are 40 apr 
об 10 per сеш of the males are not wage earners and 40 2 7750 a ihe 
Years er 42. Can we infer anything about what percentage of f popu 
80 OF over are wage earners ? 

W. ION. Denoting the attributes of male, wage earner and 40 years old 

» B and C respectively, and letting N=100, the given data are : 


From the E ; G0 AB 


71005( AB) 
(G0 00А) —(AB)—50—-5— 45. 
(SQ ACTA) (40)- 50 20-20 


(С) 50 
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We are required to find out the limits of (BC) According to the con 


Firstly, 

(AB)-H(AC)HHBO) + (A)-H(B)-H(C)-N, 

Or (ВС) 4(A)HBMHHC)—N-(AB)-(AC) 

Or (ВС) 4:50--60--50—100—45—30 

Or (BC) +—15 (1) 
Secondly, 

AB HAC BOA 0 ч ABAD HAY BO 
Or &(AB)-HAC)—(A) ; 445 ＋˙30—5 
a e007 2 75 2) 
(AB)-4AC)HBO:(B)Or (BC) (B)-HAC—{AB); (9) 
ог (BC): 604-30—45 ; Or (ВС)}45 

К АВ)-ДАС)-НВС)+(©) ; Or (ВС)+(С)--(АВ)—(АС) (5 
Or (BC)+50+45—30 ; Or (ВС)}65 


From lisations (1) and (2), the lowest possible value of (BC) is? 
from РА бон (3) and (4), the greatest possible value of (BC) is 65. 


Hence, the percentage of the population 40 years old or more who : 
earners( that is, 26, 100 ) lies between 50 and 90 


PROBLEM 10.20. 50% of the imports of barley into a country come. f 
commonwealth countries; 80% of the total imports go to brewing ; 0 

ts are grown in the Northern-hemisphere ; 80% of the Northern grown ws 
to ing ; 100% of the foreign Southern grown barley goes to stoc : 
that the foreign Northern grown barley. which goes to brewing cannot be less 08 
nor more than 60%, of the total imports. (Ir is assumed that brewing and sto? 
are the only two uses to which imported barley is put). 

SOLUTION. Denoting 

Imports from Commonwealth countries by A, 

Going to Brewing by B, 

Grown in Northern hemisphere by C, we get, 

(N)—100 ; (A)=50 ; (B)=80 ; (C)=75 

0 (00 з) 

Аз 100% of foreign Southern grown barley goes to stock feeding 

^. (4% (aBy) 

We have to prove that (aBC) 30 50 

(ABC)—(BC)—(aBC)—60—(aBC) 

AS (нав AC)+ : 

C) (АВС 
(AC) +(BC)—( NA HOHAD 

or (AB)+(BC) —(ABC)--(B) 
or (AB) —(ABC)--(B)—(BC,..-60—(a BC) +-80—60 


z80—(aBC) 
= сол ы Д 
Since (AB) cannot be negative it is clear that (aBC) cannot be le 


(a) —N—(A)—(B)-HAB) 
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—100— 50 —80-1-80—(aBC) 
=50—(aBC) 
Since (aß) cannot be negative it is 


clear that (aBC) cannot be more than 50. 


PROBLEM 10.21. А coin is tossed three times and the results heads and tails 
wied. The ge is continued until there are 100 sets of threes. In 69 cuses heads 
in 49 cases heads fell second and in 53 cases heads fell third. In 33 cases heads 

first and second and in 21 cases heads phe prety lamp Show that 
must have been at least 5 occasions on wi heads fell three times, and that there 
sld not have been more than 15 occasions on which taii fell three times, though there 


not have been any. 
SOLUTION. Denoting 
Heads falling first by A 
Heads falling second by B 
Heads falling third by C 
get, 
(А)=69 ; (B)—49 ; (C)—53 ; (AB)—33 ; (ВС)=21 and N—100 
Me have to prove that, 
> (АВС) 5 and (a8y)+15 though it may have a value zero 
() Now (ABC)+¢(AB)+(BC)}—B) 
£33421—49 
45 (Proved) 
(i) (6 NC- BHO HAB) HBO HACH ABC) 
i LNA)— (8)—(C)-HAB-BO-HABO 
| —100—69—49—53 -33--21-HABO) 
—(AfC)—17 
, (BO-(0—80)—53—21—32 
(ABOC)+(BC) 432 
As such, (afy)+32—17 or 15 (Proved) 
(it) (АС) (А) С) 
4 69 4-53—100 
7 8 rA less than 22 it follows that 
гу Since (aC) == ince (AC) cannot be n 
(00) 4. so G and since (AC) 
Supposing the actual value of (aC) happens to be 31 then, 
(xy) could be equal to (a)—(aC) or 31—31 or 0 — 
JS (ay)=O then (af) would also be О. As such (aBy) may have a value w 
| REVISIONAL PROBLEMS—10 
PROBLE! ing ultimate class frequencies, find the 
| ‘quencies LEM 1022. rom the ogative Clases ‘and the total number of obser 
(AB)=100 ; (a8) =40 ; 80 ; (АВ)=50. : 
: о Gf ОМ 180; (e120 Geo: N70 
„ PROBLEM 10.23. Out of 70,000 literates in а icular. district in India 
fh numbe iminals ,000 f 9,30,000 iterates in the same district, 
E of b rer ин E ost basis of these figures do you find any 
tion between illiteracy and criminality ? 
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[Ans : aD х 100—1.6; ga 100=.7%; Association is posl 


PROBLEM 10.24, Define the coefficient of association of 
Obtain such a fneasure botwcen. unemployment and educational 
the following results of urban survey : 


Employed + 


Illiterate oz below matric 5997 
Matric and above 572 


PROBLEM 1025. Ina report on consumers preference it w 
of 500 persons surveyed 410 preferred variety A, 380 preferred 
persons liked both. Are the data consistent ? F 

[Ans : 

PROBLEM 10.26. Calculate (aBy), (ABC), (ay) and (Af 

even below : 


N=100, (A)=60, (B)=70, (C)=75, (AB)=30, (BC)—50 
(AC)=45, (ABC)=20 
[Ans : 3, 
PROBLEM 10.27. 100 children took three examinations. 4 
first, 39 passed the second and 48 passed the third, 10 passed all the 
all the three, 9 passed Ist two and failed in third. Find how many cl 
at least two examinations, 
[Ans : 38]. 
. A PROBLEM 10.28. A survey of 1000 companies give the follo: 


(i) Companies with a capital of more than Rs. 10 lakhs 
(i) Companies making profit 
* (iii) Companies under Managing Agents 5 
(iv) Companies with a Capital of more than Rs. 10 lakhs 1 
and making profit 1 
(v) Cos. with a Capital of more than Rs. 10 lakhs and 
х under Managing Agents 
(vi) Cos. making profits and under Managing Agent 
Show that the information as it stands must be incorrect 2 


[Ans : BC cannot be less than 98 and hence information i n 


PROBLEM 10.29. At an examination at which 600 candid 
boys outnumbered girls by 16% of all candidates. Number of pas 
exceeded the number of failed candidates by 310. Boys — in 
numbered 88. Construct the two fold association table and 
ol association between male sex and success in the examination. 


i" PROBLEM 10.30) Calculate the coefficient of contingency from 
ма: 


Social Status ри! 


Intelligent 
Lower Middle 22 35 
Middle 38 70 
Upper Middle 60 20 : 
[Ans : 0.315] 


PROBLEM 1031. Do you find any inconsistency in the data giv 


N=2000 : (A)=1000; (B)=-1000, C)=900, (AB)=402, (BC) 
(AC)=300, (ABC)—240 : : 


[Ans : Yes, (aß 


Probability 1 


Till now we have solved questions relating to such data which are obtained 

| Пот sources over which we have no control, e. g., fluctuations in prices, distri- 
bution of income, etc. In this chapter we shall solve questions relating to arti- 
ficial data which have been collected from such sources over which we have more 

9 or less full control. Such data are analyzed to study the statistical laws from 
which these figures emerge. This discussion relates to probability. 

| 

| 


If an event can happen in a ways and fail in b ways, and each of these ways 
isequally likely, the probability of its happening is equal to E If the events 


_ are mutually exclusive (i.e. if опе event happens the other cannot happen) then the 
Probability that some one of these events will occur is equal to the total of the 
probabilities of occurrence of various events. That is called addition of probabili- 
ties. If on the other hand two or more events can occur simültaneously and if the 
events are independent of each other then the probability that all of them will 
| happen is equal to the product of the probabilities of the various events. This is 
- tailed multiplication of probabilities. 
In this chapter various types of questions dealing with simple probability, 
tule of addition, rule of multiplication, mathematical expectation and inverse 
probability have been solved. 
PROBLEM 111. An urn contains 2 black balls and 3 white balls. Find 


cd probability that a blind-folded person in one draw shall obtain a black 


SOLUTION. If an event can happen in а ways and fail in b ways, and each 
of these ways is equally, likely, the probability of its happening or ane | (a+). 

Ла the gi blem, a=2 and b=3; since the blind-folded person can 
9btain a black ball in а and can fail to obtain a black ball in 3 ways. 


Therefore, the probability of his obtaining à black ball is ; : 
H — — 
5 


PROBLEM 11.2. 4 of scientific men reported 11705 sons and 11521 
’ daughters.If this is a fair Bas the general population, what is the probability 


that a child to be born will be a boy ? : 
SOLUTION. The event can happen in 11705 ways andcan failto happen 


in 11527 ways. i { 
Therefore the probability of the event that а child to be born will be a boy 


I05 
1170511527 „ 23232 
PROBLEM 113. What is the probability that a vowel 
an English book is an e ? 7 
equally likely to 


SOLUTION. If ei tal number of cases, each being equa: 
\ 9ccur, and of these pe the event then the probability that the 


event will happen is = 
e 


^ 


selected at random in 


In the given problem, the total number of cases is 5, since the selected 


v е 
Owel may be either а, or e, or i, or o, ОГИ. 
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And the case favourable to the event is 1 ; 
Therefore, the probability that a vowel selected at random in an 
book is ап e is }. 


PROBLEM 114. The American Experience Table states that of a р 
of 100,000 alive at age ten, 49,341 are alive at age 65, Calculate the prol 
surviving for this period for a person who is 10 years of age at present. 


SOLUTION, Cases favourable to the event, that is, survival for tl 
are 49,341. « 


and, the total number of cases is 1,00,000. 

Therefore, the probability of surviving for the said 
person atthe age of 10— Wu у. 

PROBLEM 11.5. What is the probability that a letter selected at 

an Englísh book is a vowel ? n 


SOLUTION. Таке a random page іп а random Englis| book | 
the number of letters and the number of. vowels. 
iy i NO. of vowels 
The probability is No. of let 


PROBLEM 116. According to the Life Tables, out of one lakh 
living at age 10, 82,134 survive to age 40, of whom 837 die ina year. 
probability for a man of 40 of surviving one more year ? 


SOLUTION. At the age of 40, the total — 
these 837 die in a er. the total number of su 


That is, (82134—837)—81,297 persons aged 40 survive one year m 
Therefore, the probability that a person aged 40 would sur 
—_ 81,297 
82,134 


PROBLEM 117. In 128 litters, each of fi les, the 
were distributed as follows : f five puppie. 


No. of males per litter 0 1 2 3 

No. of litters wae tt 38 

Calculate the probability of a male birth, 

SOLUTION. Total number of puppies—128 x 5—640. 

Male puppies in all the litters—(3 x0) + (22 x 1) + (44 UE 
+ 


=0 + 22 + 88 4144 + 64 + 25=31 


Therefore, the probability of male birth is = B 


PROBLEM 11.8. Eight balls numbered from 1 to 8 are placed in 


two are drawn at ili t odi 
тоо а. random. What is the probability that they 


SOLUTION. Total number of ways in which two balls can be d 
f is ® 
of 8 balls is C, or ann 


855 8x7x6x$x4x3x2x1 —28 
ч 6х5х4х3х2х1х2х1 
"The possible arrangement оГ two balls numbered 1 and 2 is f. 


Therefore, the probability that d balls are 
draw is}. y that 1 and 2 numbere 1 
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PROBLEM 11.9. A bag contains 6 white, 7 red and 5 black balls ; find the 
chance that three balls drawn at random are all white. 

SOLUTION. Three balls can be drawn out of (6 +7 +5)=18 balls, 

1 18 ! 18x17x16 
in C, or озуп 3x 2: —816 ways 
And, 3 balls can be drawn out of 6 white balls. 
6 6x5x4 
n C, or 55 133: 3x2x1 A WAYS 
Therefore, the chance that three balls drawn at random 
M 2070093 

аге all white is IE 20 

PROBLEM 11.10. Find out the probability that a man asked to form a two- 
digit number out of 2, 3, 5, 7, 9 would form 79, when, 

(a) repetitions are not allowed. (b) repetitions are allowed. 

SOLUTION. (a) When repetitions are not allowed. 

Out of the given five numbers, two digit numbers can be formed in pg, о! 


Ц 
а ＋ or 5х 4= 20 ways. 


Of these, 79 is one possibility, 
Therefore the probability that a man asked to form a two-digit number ou 


- 9f2, 3, 5, 7 and 9 would form 79 is 0 
(b) When repetitions are allowed. Р 
^ Out of the given five numbers, two digit numbers can be formed in 5x5, 0 
ways. 


Of which 79 is one possibility. - 
Therefore, the required probability in this case is == 337 


PROBLEM 11.11. What is the chance of throwing a number greater than 
with an ordinary die whose faces are numbered from 1 to 6 ? 

SOLUTION. There are 6 possible ways in which the die can fall, and c 

two are favourable to the event requi! 1 

Therefore the required chance 3 

PROBLEM 1112. Ina single throw with two dice find the chance of thr 
wing (1) eight (2) eleven. 

SOLUTION. (1) A throw amounting to 8 must be made up of 2, 6 ; ог. 
ih M which arrangement can occur in 2 ways; or 4, 4 which can occur in 

Therefore the number of favourable cases is 2+2+1, or 5. 

And the total number of cases is 6*, or 36, 


therefore the required chance— = 
-— Q) A throw amounting to 11 must be made up of 6, 5 which can occur in 


And, the total number of cases is 6*, or 36, 
2 1 
therefore, the required chance ==-уе===тў 


PROBLEM 11.13, An ordinary six-sided dice is thrown 4 times ; what a 


1 yp: 
he probabilities of obtaining 4, 3, 2, 1, 0 aces ? 
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` SOLUTION. The probabilities of obtaining 4, 3, 2, 1, 0 aces 
values of the various terms of the expansion of G+$ yfy Thus, 
The probability of 4 aces — 1/1296 
The probability of 3 aces — 20/1296 
150/1296 


The probability of 2 aces — 
The probability of 1 ace = 500/1296 


The probability of 0 ace — 625/1296 
PROBLEM 11.14. Twelve ordinary dice are thrown once. 
probability of obtaining exactly 4 aces ? 
SOLUTION. The probability of 4 aces 5 
—HC, pig? where р dd and = 


021 t é —2 4 

58141 x) ir 

PROBLEM 11.15. An urn contains 7 green and 5 black balls. E 
drawn at random. A green ball is a success. Find the probabilities of 4, 3,1 


wi 1 


green balls. 
SOLUTION. Probabilities of 4 green balls "C, HC 
Pe ek y 5 Cg x 5С, ERU. 
” ЕЛ sy C x C > 
” »1 » ^" C1 * 03 = 
m „ O „ „ 5c, + 


PROBLEM 11.16. Find the i 
TESI Two: dice chance of throwing at least ап ace е 


SOLUTION. The possible number of cases is 6 x 6, or 36. 
An асе оп one die may be associated with any of the 6 numbers 
other die, and the remaining 5 numbers on the first die may each be 2% 
with the ace on the second die; thus the number of favourable cases is 11. 


Therefore the i xs ДЫ 
required chance is 30 
PROBLEM 11.17. C. i 7 die, 
TON and 12 HUE ate the chances of throwing 4 with one die, 
_ SOLUTION. (1) Chances of throwing 4 with one die. 


„There are 6 possible ways in whi i hese 
ойган 40 1 id debe which the die can fall, and of thes 


therefore the required chance is — da 
(2) Chance of throwing 8 with two dice. 
To make a throw of 8, the two must fall either 2, 6, or 3, S or 4, 4, 0 
-the first two arrangements can occur in two ways and the third arranBl 
one way only. 
‹ Therefore, the number of favourable cases is 2.24 1, or 5. 

And the total number of cases is 6x6, or 36; | 

therefore the required chance is 6 ; 
(3) Chances of throwing 12 with three dice. ! 


Probability 363 


To make a throw of 12, the three dice must fall either 6. I. 5, or 6, 2, 4; 
or 6,3, 3, or 5, 2, 5; or 5, 3; 4; or 4, 4, 4; the first two of which 
ments can occur in 3! ways; the second two in 3 
ways and thc last in one way only. 

Therefore, the number of favourable cases is 

663432461, or 25, 

And the total number of cases is 68, or 216 

therefore the required chance — de 

Therefore, the ev of throwing 4 with one die, 8 with two dice, and 12 
with three dice аге: Xx Ae or 36 30 : 25. 

PROBLEM 11.18. A and B throw with three dice; if A throws 14, find B's 
chance of throwing a higher number. 

SOLUTION. То throw higher number than A, B must throw either 15, or 
16, or 17 or 18. : 

A throw amounting to 18 must be made up of 6, 6, 6, and thus can occur in 
9ne way; 17 can be made up of 6, 6, 5 which can occur in 3 ways: 16 may be 
made up of 6, 6, 4 and 6, 5, 5, each of which arrangements can occur in 3 ways; 
15 can be made up of 6, 4, 5; or 6, 3, 6; or 5, 5, 5 which can occur in 3 |, 3 
1 way respectively. 

Therefore the number of favourable cases is 

12343436341, or 20 

And the total number of cases is 6°, or 216; 


5 
therefore the required chance Jig 7 Е 


PROBLEM 1119. From a pack of 52 cards two are drawn at random ; find 
the chance that one is a king and the other a queen. 

SOLUTION. From a pack of 52 cards, a draw of 2can be made in $C, 
gas. A king can be drawn in 4C, ways and similarly a queen in “С, ways. 
Since each of the former can be associated with each of the latter, a king and a 
Queen can be drawn in 4C, x 4C, ways, 

AC, x 4x4x2 8 

Therefore,the required chance = Te -32x51 ^ 663 


PROBLEM 11.29. If from a pack four cards are drawn, find the chance that 
They will be four honours of the i uns. suit. 


ince SOLUTION. Four honours of the same suit can be drawn in 4 ways, 
since, there are 4 suits each containing four honours and from the pack, a draw 
4 cards can be made in, à 


520, or _52х51х50х49 
e ora = E E l Ere 


Therefore, the required chance 7 Lu 


E PROBLEM 1L21. Ina hand at whist what is the chance that the 4 kings are 
by a specified player? 


SOLUTION. In a hand at whist, the specified player must have 13 cards, 
If he possesses 4 kings, he should also have 9 cards of other type or types. 
Puck of US, the possible arrangements of this sort аге 4C,x18C,. And from a 
2 cards, a distribution of 13 can be made in Cg ways, 


AC, x 4C 11 
Therefore the required chance = Dc. 4165 
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PROBLEM 1122. What is the probability that each of the four pla 
cards holds 13 cards of a specified same suit. 


SOLUTION. 52 cards can be distributed to 4 people in 


2 52! — 
BIBIT "9s 


— "pd in only one way in which the four people can hold 13 cards of a Р 
t. 


Р 521 
Therefore, the required chance =1/ ty reris 
E: 131131131131 
321 

PROBLEM 11.23. In shuffling a pack of cards, four are 
dropped; find the chance that the missing cards should be one from each 
в , SOLUTION. There аге 5С, possible ways in which four cards са 
while shuffling a pack of cards. The possible number of cases in which t 
cards сап be one from each suit is 13C, x 13C, x 13C, x 19C,. 4 


: 18C, x 13C, x 13C, x 13C, 2197 

Therefore the required chance = — IM —. = 20825 78 

PROBLEM 11.24. Four cards are drawn without replacement. What 

probability that they are all aces ? T j 

SOLUTION. * required probability of four aces would be :— _ 
El 

52 I. 30 a9 270725 


ў 


PROBLEM 11.25. Four cards are di i t. Wha 
MI aks eV ines va on f Irawn without replacemen h 


SOLUTION. The probability would be, 
55 1 

1 B ll. 

Гру у 5 

The first card may be any one of the 52. The second card should | 


one of the three hi 
SE а cards (of the same value as the first one) ont of the 


PROBLEM 11.26. "3 E. 
chance that they are alf d 0 Arawn without replacement. What 


. SOLUTION. The required probability would be, к 
22197 b 


lx x S — 
5I 50 45 20825 


belonged) out of the remaining 51 and so on. 


PROBLEM 11.27. ifn people ar ^ table, жа 
probability that two named individuals will Mf г s 


` SOLUTION. If one of the named individuals i ub 
*" uals is seated, the other ОП 
E шшс. ош of these, two seats would make him a neigh Ho 


Hence the required possibility=2/n(—1), 


PROBLEM 11.28. There are thy, isti olm 
d vé works, one consisting of 4 VOM 
of 5, and the other of 2 volumes, They are placed on a shelf at random; find 


the chance that volumes of the same work are all together 


" 


Probability 365 
SOLUTION. The number of ways in which the different volumes can be 
(4-522)  I11x10x9X8x7X6 = 6930 


4Ix31X21 4x3x2XIX2xI 


And the number of ways in which the volumes of the same work will be 
together is 3 ! , or 6. 


А { 6 1 
Therefore the required chance coi," Tiss 
PROBLEM 11.29 [п a bag there are five white and three black balls. 


What 
is the probability that if they are drawn out one at a time the first will be white, 
the second black, the third white, the fourth black and so on ? 


SOLUTION. Eight balls, 5 being white and 3 black can be arranged 
in Tu or 56 ways. 
ЧЕДИ 

Hence the desired probability їз=зе—- 


PROBLEM 11.30. A bag contains 4 white, 5 red, and 6 green balls. Three 
з are drawn at random. What is the probability that a white, a red and a 
&reen ball are drawn ? 


SOLUTION 

The number of ways in which 3 balls may be drawn is He, 
The number of ways in which 1 white ball may be drawn is с, 
The number of ways in which 1 red ball may be drawn is с, 
The number of ways in which 1 green ball тау be drawn is Cy 


Thus, the number of ways in which 1 white, 1 red and 1 green ball may be 
drawn is 4C, x 5C, x $C,. 


H 4 5С,х 
Hence the desired probability = SU 


_4х5х6х3Х2_ 24 
—15x1x13 91 
PROBLEM 11.31. In tossing a coim find the chance of throwing head 
and tail alternately in 3 successive trials. 


SOLUTION. The first throw must give either head, or tail ; the n 
that the second gives “the opposite to the first is $, and the chance that the third 
throw is the same as the first is $. 


1 
Therefore the chance of the compound event=} x i-e 


. . PROBLEM 11.32. Find the chance of drawing a king, a queen and а knave 
in that order ors ч po pb E: three pii draws, the cards drawn not 
ing replaced. 


SOLUTION. 
Р 4 
The probability of drawing a king = —5- 


4 
ШЫ ial „ а queen then = S- 


and » ” 2 55 a knave=zg— 
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Since they are dependent events, the required 


Ew 4 "8 
chance of the compound. event *357 31: “50-6875 


PROBLEM 11.33, Three cards are drawn ; what is the chance shat they ar 
a king, queen aid а knave їп апу order. 


SOLUTION. The probability of drawing any one of the 12 co 


(king, queen or knave) = 5 
The probability of drawing any one of the 8 cards. 
(leaving the one set which has been drawn) = jr 
The probability of drawing any one of the 4 cards, 


(leaving 2 sets which have been drawn) -4 


у 1s 
The combined bee 50-3825 i 
PROBLEM 11.34, 4 card is drawn from a pack. If itis a king, queen 
knave it is replaced ; otherwise not. A second card is then drawn. 


What is a man's expectation if he is to get one rupee for drawing a king, q 


or knave at the first draw and rupees two for drawing a king, queen or knave di 
the second draw ? EN, f 4 rt 


SOLUTION. (i) First draw: Chance of a court card _ 12 
(King, queen or knave) 52 
3 : 12 3 
The expectation =p Х1= тз ruPees, 
(И) Second draw : 


(a) If the result of the first draw were a court card (so that th 
card was replaced). 


E 12 
The probability of a court card again = 5252 
» е 12,12 18 

v. The expectation e 55% c x 2= Jeg pees 


sihi ا‎ d (so that the can 
was not replaced) ^ draw were nota court card ( 


The probability of a court. card 20. x 1Z 
^. The expectatione S x E. x22 Ap rupees 
The tot іоп=5. -p18 , 80. 

al expectation = Dni 69 1221 rupees. 


. V rupee approx. 


PROBLEM 11.35, 4 bag contains 6 hite and 9 black balls. Two drawl 
1 are made such that (a) the balls are ^ laced before the second f - » 
te balls are not replaced Second trial. Find the probability that 
rawing will give 4 white and the second 4 black balls in each case. 
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SOLUTION. (a) When the balls are replaced before the second trial. 
The number of ways in which 4 balls may be drawn is ис; 

The number of ways in which 4 white balls may be drawn is *C,; 

The number of ways in which 4 black balls may be drawn is *C,; 
Therefore the probability of drawing 4 white at the first trial = *C,/**C, 
5х5. 4х3х2хі ЕТ 

R2 Схих о 

and the chance of 4 black at the second trial - , 


_9х8х7х6,, 4! 6, 
BS 2S کا ر‎ 
4 15x14x13x12 65’ 


therefore the chance of the compound event 57 * = 55 


(b) When the balls are not replaced. 


At the first trial, 4 balls may be drawn in 120, ways and 4 white balls may 
be drawn in °C, ways ; therefore the chance of 4 white balls at first is CC; 


When 4 white balls have been drawn and removed, the bag contains 2 white 
and 9 black balls. 
Therefore at the second trial, ; 

4 balls may be drawn in ЧС4 ways; and 4 black balls may be drawn in 
"C, ways, Therefore the chance of 4 black at the second trial. 

=9C fic „9Х8Х7х6 4 A. 

Cc,» "TF Xdrx10x9x8 755 

therefore the chance of the compound event, 
Еа. з 
91 55 715 

PROBLEM 11.36. Lloyd, the captain of the West Indies cricket team, is 
рог ted to have observed the rule of Wf ‘heads’ every time the toss was made 
‚ siting the five matches of the last test-series with the Indian team. What is the pro- 
| Palility of his winning the toss in all the five matches? 

_ How will the probability be affected if he had made a rule of tossing a coin 
Privately to decide whether to call ‘heads’ or ‘tails’ on each occasion. 
W SOLUTION. The chance of winning the toss by Lloyd, the captain of the 
est Indies Cricket team, in one test is $ 
10 Since his winning the toss in any test is not affected by the results of other 
sses in other tests, the events under consideration are independent. 


Hence the probability of his winning the toss in all the five 
Р mathese jx) x} x} = зу 


The calculated probability would not be affected even if he had made а rule 
meek sting „а coin privately o decide whether to call. head or ‘tail’ on 
| Other. occasion, because the events under consideration are independent of each 
А PROBLEM 11.37. Ab tains 19 counters marked with the numbers 1 to 
| Ж A cou^ter is drawn and 3 : a second drawing is then made, what is the 
E the first number drawn is even and the second odd ы SCIT 
UTION, Out of 19 counters marked with the num to 19, there 
tamed counters marked with Cwen numbers and 10 counters marked with odd 
birs, since the numbers 2, 4, 6, 8, 10, 14, 16, 18 areeven and the 


= 
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Thus, the chance of first drawing ап even-numbered counter 
9 — 
19 
and the chance of then. drawing an odd-number counter - T 
Therefore the chance of the compound event. 


5 
19 19 3061 


PROBLEM 11.38. A lady declares that, by tasting а cup of tea made 
» She can discriminate whether milk or tea infusion was first made into the [ 
It is proposed to test this claim by means of an experiment with 12 cups of tea, 
x in one way and 6 in the other way, and presenting them, in random 
lo her. 
Calculate the probability that on the null hypothesis the lady would 
correctly all the cups it being known to her that 6 are of each kind. 


If, however, the 12 cups were presented to the lady in 6 pairs, each pair 
consist of either kind, and the presentation be again in random order, how will 


Probability of correctly judging with every cup on the null hypothesis 
altered ? 


Which of the two designs would you prefer and why ? 


SOLUTION. (a) When all the twelve cups are presented to the lady 
random order. 1 


According to the fundamental rule of permutation, the total number 
ways in which the 12 cups of tea, 6 made in one way, and 6 in the other 
can be presented to the lady. 


610 or 924 
Since it is known to the lady that 6 are of each kind, she must have 
one of the above arrangements of the 12 Cups to be presented to her. 
Hence the desired probability is n 
(b) When 12 cups are presented in 6 pairs to the lady. 


Since each pair consist of either kind of tea aration, the, probabi 
that the lady would Correctly judge each pair is J. den 


As there are 6 pairs and each event is independent of the other, the 
pound probability that the lady would judge all the six pairs СО 
врака 

PROBLEM 11.3. n a given race the odds in favour of three horses Av 


C, are 1:3, 2:3 and 2:5 respectively. Assuming that a dead heat is impossib le, 
the chance that one of them will win the race. 


SOLUTION. Probability that A wins, or p, 
. Probability that B wins, огр,= $ 
Probability that C wins, or P= & 


„Since these are mutually exclusive events, the chance that one ot them P» 
win the race. 


Pi Pap, 
-++н+н- BL 


once in 
PROBLEM 11.40, 7 7 at least 
throws WIR s le die. Find the probability of throwing 6 


are 


=} 
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The probability of throwing 6 in one throw of а die 
ar 


And the probability of not throwing а 6 or q=$, ; 

F ae of a single die is 
ра! to total of the probabilities of throwing 6 in all the 4 throws or in 3 
ой of 4 throws or in 2, out of 4 throws or in one out of 4 throws. These 
probabilities can be found out by substituting values in the following 
equation, 


cr or we can expand the following equation. 
(ta ог (Hp 
7p'--4p? q+6 р242--4 pq 
— 1 , 20 ,150 300 62 ОШ 
1296 1286 1286 1296 1296 — 1296 — * 
To find out the probability of throwing 6 at least once in 


4 a 
single die we must add the first 4 values because in the last value (4%) there is 
Ro success at all. The required probability 


— i 0 1% ШАШ 
= i296 1296 1296 1295 1296 


PROBLEM 1141. Find the chance of throwing 9 at least, in a single throw 
with two dice: 


SOLUTION. 9 can be made up in 4 ways, with two dice and thus the 
Chance of throwing 9 1636 
10 can be made up in 3 ways with two dice and thus the chance 


of throwing 10 is— 


therefore 


36 . 
11 m a up in 2 ways with two dice and thus the chance of throwing 
is 
12 can be made up in 1 way with two dice and thus the chance of throwing 
12is 3 

A 38 : 
- Since these events are mutually exclusive, the chance of throwing а number 
Ot less than 9 is the sum of these separate chances ; 


3+2+1 _ 5 
Therefore the required chance = wee TW 


PROBLEM 11.42, From 30 tickets marked with the first 30 numerals, one 

Wn at random ; find the chance that, 1 

(0) itis а multiple of 5 or of 7. (b) it is a multiple of 3 er of ^ 2 ? 
OLUTION, that the number is a multiple of 5 is з an 

beg chance that it is iE CET a 30 and these events are mutually exclusive, 
nce the required chance is 20 090 

is is (b) The chance that the number is a multiple o 

Hence ultiple of seven isst; but 21 is common multip 

iss the probability that it is either à multiple o! 

ò 307g 
PROBLEM 1143. A bag contains 5 white and 3 black balls, and are suc- 


ively drawn out and not replaced, what is the chance that they are alternatively 


“erent colour? 
SOLUTION. (a) Beginning with white. 
the probability of drawing a white 
the probability of drawing a black then 
a Probability of drawing a white then 
Probability of drawing a black then 


is dra 


3 is #8 and the chance that 
jl ا‎ of 1 5 three. and seven. 
f 3 or of 7 is equal to 


ЖАШ 
د‎ TP CO Doe 
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therefore the probability of the compound event ; 
i. 
(Ф Similarly beginning with black. 
the probability of drawing a black 
the probability of drawing a white then 
the probability of drawing a black then 
the probability of drawing a white then 
Therefore the probability of the compounu event 
1 
=}х{хфхф= са: 


The above two events are mutually exclusive, Therefore the required d 
that 4 successive drawn balls are alternatively of different colour (withou 
tioning the colour with which to begin.) 

=. 1 + жо БАН, Ж 
14 4 7 

PROBLEM 3:44. A and B throw alternately with a pair of dice. 

he throws 6 before B throws 7 and B if he throws 7 before A throws 6. 


1 A begins, show that his chance of winning is 2. 


DOR 


SOLUTION. Chance of throwing 6 with 2 dice 1.35 


and chance of throwing 7 with 2 dice is -.— I. К 
If A is to win, he should throw 6 on either the first, third ог fifth. 
eO row, 


Probability of A's throwing 6 on the 1st throw or p= A 


Probability of A's throwing 6 on the 3rd throw or Pz 


= 5\1 5 225 
--« — % 0 )(=) 1]« 36 7776 
Similarly, probability of A's throwing 6 on the 5th throw or рз 
120125 
1679616 
and so on. 
The sum of these babiliti н — 
Progressions is A's chance of oed which appear as the following geo! 


31212 
36. ms Lese free 


5 


25. 5 


д, % 3 


ORES ANNE 
pu Cms. E) 155 


216 


теат" 


PROBLEM 1145. д, B and C in ord їп. The first 
throws а head wins. What are their . беке a " 


Probability 371 


SOLUTION. If A isto win, a head must be thrown on either the first, 
or seventh, coss and of no other. The sum of these probabilities is A's 
of winning. Similarly, if B is to win a head must appear only on the 
fifth, eighth........ toss ; and if C is to win, the head must appear on the 
sixth, ninth...... toss. 


These respective probabilities then appear as the following geometrical 
ons : 


1 io 2 022 
ETs е i28 Ф... soose т te p i= =$ 
EL 1 x 
3 tar t Dec 1 = 
M ECL. ES E Que: 
6i Sig tert 1 2.1) 1 p 


Thus the respective chances of winning of A, B and C are4 :2 : 1. 


PROBLEM 11.46. A, B and C, in order draw from a pack of cards, replacing 
eds each draw. If the first man to draw a heart wins, what are their 
ive chances ? 


UTION. If A is to win, heart should be drawn on either the first, fourth 


— draw and on no other. The sum of these probabilities is A's chance 
ing. 


Similarly if B is to win, а heart should appearonly on the second, fifth, 
к. draw and on no other; if C is to win, the heart must appear on the 
"sixth, ninth........ toss. 


These respecti iliti as the followi metrical 
Weressions ^ pective probabilities then appear ing geo! 


1 27 729 
1 ed 
4 F-19348 * 
ER d m 16 
— aa 2 
У 256 4 ) mis 


ES. | 2187 
6 10 88556 


3 
pene 16 12 
i 
feet s os 27 7377 
\ 1027 46 ) — 64 


Ci 243 656] 
64 74096 TI r 


9/64 
سے ا ег)‏ — 


Th 
12 8 the respective chances of A, B and C to drawa heart first are 
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PROBLEM 17.47. (a) Given n independent events with respective. 
of occurrence, 
Pi Pase eee. 
Write down the probability of at least one of these events hap 
(b) What is the probability of getting 9 cards of the same suit in 
a game of bridge ? 

SOLUTION. (a) Chance that all the events fail is, 

(I (- . .. .... (In) 
and except in this case some one of the events mus: happen ; 
Hence, the required chance : 

z1—(1—71) (p:). . . .. (In) 

(b) T probability of getting 9 cards of the same suit in one hand 


PROBLEM ü 48. Often balls in a bag, three are red. 


(a) What is the probability that there will be at least опе red ball i 
of two balls ? 


(6) What is the probability that both will be red ? 


SOLUTION. (a) probability that at least one red ball will bed 
draw of 2 


The number of ways in which 2 bails may be drawn is ^C, 
The number of ways in which 2 not red balls may be drawn is C; 
So, the probability that no red ball is drawn in a draw of 2. 


"C. 7/10 7x6 7 
0&5 Oxo ^ 15 


5 созе the pono that there will be atleast one red balli 


(b) probability that both balls will be red. 


The number of ways in which 2 red balls may be drawn out of 
and the number of LY in which 2 balls may be be drawn is Gl 
required probabili 


к 905 EE 


ROBLEM 155 49. ad is 8:5 against a person who is now 40 yet 
rill hes is 70 and 4 : 3 against a person now 50 living till he is 80. 
bability that one at least of these persons will be alive 30 years hence. 


SOLUTION. Probability that the first person dies is 8/13. 
Probability that the second person dies is 4 7. 


e pro t both the Pê 
not living фе dde 1 bability of the compound event tha 


8x4 32 


ЕГЭ, хла cd E. 
years Hence the probability that one at least of these persons will b 
32 5S9 
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PROBLEM 11.50. The odds against a certain event are 5 to 3 and the odds 
of another event independent of the former are 7 to 5 ; find the chance that 
«t least of the events will happen. 


SOLUTION Chance that the first event does not happen is 


: 7 5 
Chance that the second event does not happen is lays bh + 


Therefore, the chance of the compound event that both the aforesaid events 
fot happen . 


Hence, the chance that one at least of the events will happen. 
25 71 
Ee. 7 
96 96 
_ PROBLEM 11.51. Five letters are placed at random in five addressed 
. Find the chance that all the letters are not despat in the right 


SOLUTION. The total number of ways of placing $ letters in 5 envelop 
‘all the letters can be sent correctly in one way only ; 


i 1 1 

its chance = T" T 

Therefore the chance that they are not all sent correctly 
6 E 119 

TO 120 


PROBLEM 11.52. There are four letters and four addressed envelopes. If 
letters are put ar random in the 4 find the chance that mo letter will 
) its correct place. 


UTION. Four letters can be placed in four envelopes in 4 ! or 24 ways. 
The first letter can be placed in a wrong envelope in 3 ways m 


The second letter c i lope in 3 ways 7 
an be placed in a wrong envelope in 
hue the first letter can occupy the envelope meant for the 
| nd.) 


The third letter " їп 2 ways . 
can be placed in a wrong envelope in у: 
; (Because the first and second letters can occupy envelopes meant for 
2nd and 3rd letters) 


fourth letter can now be placed in a wrong envelope in 1 мау . 


- Total number of ways of putting all letters in wrong envelopes is 9 
Тһе Fequired probability = = Y 
| Ih genera] the number of derangements of л things 
г. E NEN m 
=n{ ا‎ TT Tr + + 4s skr 


Hence the Probability of а derangement “5 


PROBLEM 11.53. An illiterate person puts cardboard letters A, 
and E їп a line. What is the probability that all letters are at wrong places 


SOLUTION. Number of derangements of 5 things 
1 1 1 1 
251 [2 3T aT ST )* ^ 
The total number of ways of arranging 5 things 5 ! «120 
44 11 
55 
PROBLEM 11.54. A problem in statistics is given to three 


К. С. T. whose chances of solving it are 3. and}, What is the probability 
the problem will be solved ? 5 
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4 


Abe required probability = 


SOLUTION. 

Chance that R fails to solve the problem is 1—], ог}; 

8 QNT в 1—2, org; 
and the Chance that T 59 i 1-l , or 3; 


Hence the probability that all the three students fail "to solve the 
={х1 Жы 4. 
та aa the probability that the problem will be solved 
- =: “ 
. PROBLEM 11.55. A has six shares in a lottery in which there art 
prizes and ten blanks. В has two shares ina lottery in which there are Још pt 
and eight blanks. Which has the better chance to win a prize ? 


„ , SOLUTION. А will draw a prize unless all of his six shares are 
Six tickets can be chosen from the thirteen in 13C, or 1716 ways. But, six 
сап be drawn іп 100%, or 210 ways. Hence the probability that A will draw 


; 10 
'5 "pne WAYS and therefore the probability that he will draw at least one 


210 _ 1506 — 251 
Ife 176 - 286 


Similarly, the probability that B will win a prize is 


is 1— 


S nc ЕТИ T3217 1 


Since the first value is larger th it i n that A has a bett 
chance than B to win a prize. DR ы 


рне ROBLEM 11.56. A has four shares їп a lottery in which there att 
prizes and five blanks. B has three shares in which there are three prizes hich 


lanks. Which has the bett е prize ? 
winning two prizes ? etter chance of winning exactly one p 


SOLUTION. (a) Chance of winning exactly one prize 
Chance that A has exactly 1 prize share 
-*CxsCuc,. 4Х5х4 . 4x3x2x1 _ 20 
3X C ATXE XIXE 63 
Chance that B has exactly one prize share 
CI Cc a 3%4%3 3x2x].. 18 
x ©; 2 "x 6x5 35 


Since the second value is larger t it is seen that B has 
chances than A of winning exactly da UNO the first i 


(b) Chance of winning two prizes, 
Chance that A has exactly 2 prize share. 
=*C,x , 4х3 5x4 4х3х2х1 


10 
2x1" 2x1" 9x8x7x6 38 
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Chance that B has exactly two prize shares 
Ew. Ca _3х4х3х2х1 ~ 12 
Аах“; С 7х6х5 * 
Since the first value is larger than the second, itis seen that A has better 
dances than В of winning two prizes. 
PROBLEM 11.57. A can hit a target 3 times in 5 shots, В 2 times in $ 


— c 3 times in 4 shots. They fire а volley. What is the probability that 2 


SOLUTION. In order that two shots may hit the target, the following 
mutually exclusive cases must be considered. 
Chance that A and B hit and C fails to hit target, or P1 = 3x2x(l-2)=1b0 
Chance that A and C hit and B fails to hit the target OF Pg * 
ba xa-p = fio 


Change that B and C hit and A fails to hit the target or p=? х4 
-p= bo 


Since they are mutually exclusive events, the probability that any 2 shots 


three independent critics are 370 2, 4 to 3, and 2 10 3 respectively. What is the 
probability that of the three reviews а majority will be favourable ? 
SOLUTION. In order a majority of the 3 reviews is favourable, two must 
be favourable . 
р Probability that the first two are favourable and the third unfavourable, or 
| i*$xü0-,5- 3%, 
Probability that the first and the third are favourable and the second unfa- 
vourable, or p=} x 21—5=19 Е 
«Probability that the last two are favourable 
P3*$X2x (1—$ ) 815, 3 
t If any one of the above three combinations happens, the book can be sai 
о have been reviewed favourably by a majority. ; 
the chance that the event will 


Since they are mutually exclusive events, 
рреп 


and the first unfavourable, or 


=p, rg beer 
REV d isto 
PROBLEM 11.59. 4 i: of five horses entered for a race ane 
be ridden by one of bugs yy d d ‘nis 3 to 1 that B rides A, m а » гое 
dll the horses are equally likely to win, if € rides А, his chance is . 
are the odds in favour of his winning ? à 
SOLUTION.Chance that TAJ is ridden by В and wins 
== 
Chance that [A] is ridden by С and wins the race OF Pz 
УЫ 8 is "n 
as gi Since the given event that & wins, the race can happen in two different ways 
given above, the chance that it will happen is 
= 
2020 $б= 1 S 
Therefore the odds in favour of A's winning the ipsa x 1 и 3. нечен 
PROBLE arters and one five-dollar gold pie? 
Purse and fifi meta Page hay Ten coins are taken from th. second ат 
Put into the first. Which purse is probably the more valuable ? 


the race OF Py 
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SOLUTION. The purse containing the five-dollar gold piece would te 
more valuable. We have therefore to compare the probability that it is inthe fing. 
purse with the probability that it is in the second. The probability ‘that ithe gold 
piece was taken from the first purse and put into the second is Rand ‘the proba 
ility that, being in second, it was again returned to the first is 14 

Hence the Probability the gold piece was transferred from the first purset 
the second purse and remained there. 


=() (- $)-2 


The first purse has a larger. value than the second, because the probability 
that the gold coin remained in the second purse is only. 

PROBLEM 11.61. Suppose that one urn A contains 4 black balls, and 5 white 
balls, while a second urn B contains 3 black and 7 white balls. Find out the probabi- 
lity that a blind-folded person in one draw shall obtain a white ball. 

SOLUTION. Probability that the blind person chooses the urn A and 
draws a white ball—1x2—,5, 

Probability that the blind person chooses the urn Band draws a whiterball 

=} fo = fo 
ч Since the event, that is, the draw of white ball by a blind person can happen 
in the above two different ways ways which are mutually exclusive, the chance , 
that the eyent will happen is 

=18 + 70-143 

PROBLEM 11.62. What is the chance of drawing a one-rupee coin froma 
purse, one compartment of which contains 2 one-rupee and 4 Twenty five paisa 
coins ; the second 10 one rupee coins; the third 10 Twenty five paisa coins and$ 
one paisa coins and the fourth 7 one-rupee and 5 twenty Five paisa coins. 

SOLUTION Chance that the first compartment of the purse іг chosen and 
а one rupee coin is drawn or p, 479-11 

Chance that the second compartment is chosen andaone-rupee coin is drawn 
or pa=4x 465} 

ME that third compartment is chosen and a one-rupee coin is drawn ot 
P3— 5=0. n 

Chance that the fourth compartment is chosen and a one-rupee coin & 
drawn or p, =} 41, E 

Since the event, that is, the draw ofa one-rupee coin from a purse sl 
happen in the above four different ways, the chance that the one-rupee coin МА 

wn from the purse is 

=P + Pg t P3 D, 

147270 14 "m 

PROBLEM 11.63. А man draws from ап urn containing two balls, one а, 
and one black. If he draws a white ball he wins. If he fails to draw а 19 P 
the draw is фсе another black ball is added and һе draws again. If hefa tive 
draw a white ll in the next draw, the process is repeated. What are his respe 
chances of winning in 2, J, 4, 5,6, 7, and 10 trials E 

SOLUTION. Chance of winning 
First Trial p=} 

Second Trial р -ü—bx1 =} 

Third Trial P UI -c 

Fourth Trial p= (GAD = lo 

Fifth Trial =(. Iz 4000 30 

Sith Trial ре {1 ob 
Seventh Trial р={1—(}+] 0 Ab не: » 
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p~{i—U+ gt оча doll ud. 

pe {irate iodo 

p= (i—d +g ue еа r 

EM 11:64. In a certain game A's skill isto B's as 3isto 2; find 
A winning 3 games out of 5. 

TION. Sincep-A'schance of winning in one game -und g- 


fore the probability of A's winning 3 games out 
[$e C 

5x4 з 216 
2551188085 625 


ЕМ 11.65. [n each of aset of games itis 2 to 1 in favour of the 
the previous game, what is the chance that the player who wins the first 
win at least three of the next four ? 


SOLUTION The player who has won the Ist game has the following 
winning or losing the other games :— 


J Of losing the Ist game and winning the remaining three 


x b 3 
„ 2m FF ” » » X «X axi 
A k 3rd 5 » » * * b * 5. 
» » 4th ” » » ” $* $* 3x 
ОГ all the four games » ” ” * $x b #>$ 


Since these events are mutually exclusive therefore the probability of the 
: i babilities of the above 5 events. 


happening is equal to the sum of the pro! 
is 4 , 4. RE 
isequalto-;r--- 5-7 * sp ta " 8i of 9 


-. PROBLEM 11.66. If the chance that a vessel arrives safely at a port is 18 
Sind the chance that out of 5 vessels expected 4 at least will arrive safely- 5 


SOLUTION. 1n the case of a single vessel the chance of safe arrival is 5; 


1 1 
chance of unsafe arrival is 10 


Now the required event follows if 4 ships or 5 ships arrive safely ; therefore 
E 9! 
Tequired chance is the sum of first two terms of the expansion О 


) 5 

"Thus the chance— aw (94 5x93x1) = 
_ 45927 

Е. 50000 

` PROBLEM 11.67. Three coins are tossed simultaneously- 


Шу that they will fall two heads and one tail ? y 
SOLUTION. p, i. e., the chance that a coin falls head is J and so q—1— 


i 
Now, the probability out of 3 coins exactly 2 fall heads and one tail 


="C,p2g—3 x} x1«1—8 
j, PROBLEM 11.68 Five coins whose faces are 
hat is the chance of obtaining a total of 12? 


59049 + (5 x 6561 ). 91854 
100000 1 
What is the pro- 


1 


marked 2,3 are thrown. 
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UTON. To make a total of 12, two coins must fall with 4 
» dn ee he with the mark 2 up. No other arrangement would 
12. 


and q= 1—}=} 
So, the chance of obtaining a total of 12 with 5 coins 
= Сари? 


рн f 


PROBLEM 11.69 А coin whose faces аге marked 3 and 5 


times What are the odds against the sum of the numbers thrown 
than 15 ? 


: — SOLUTION. To make a sum of less than 15, in 4 tosses, the 
appear at least 3 times. 


Now the chance of the coin falling with the mark 3 up in one 
and the chance of not coming with the mark 3 is also 3. Now the requin 
follows if the mark 3 appears three times or four times therefore the 
chance is the sum of the first two terms of the expansion of Q^» 


Thus the chance of numbers thrown being less than 15 

1 4 5 i 
— (4 3 7 \ 
=@4 +p р) 8 iz j 
Therefore the odds against the sum of the numbers thrown being | 
15arel to 5, 


PROBLEM 11 70. From a bag containing 24 quarters and one fi 
goia piece, a person is allowed to draw 5 coins indiscriminately; find the 
i$ expectations. 


SOLUTION. There аге 25 coins valuing 44 quarters out of which 
draw 5. Р 


Therefore the value of his ено ( 25 * 44 ) quarters 


=8* quarters 


PROBLEM 11.71. There are 9 notes & coins in a bag, 6 of which are 
notes and the rest are unknown coins of equal values ; find what they 
the probable value of a draw is Rs. 1.5 E 

SOLUTION. Since the probable value of draw is Rs. J. 50 bag 
notes & ccins values (1.50::9)—13.50 rupees. Out of this there are f 
notes and 3 unknown, 

The value of 3 unknown coins Rs. 1.50 

or the value of 1 unknown coin 50 paise coin 

Thus there are 3,50 paisa coins in the bag. 

PROBLEM 11.72 4 says BI rupee to guess the number of heads in 


E Fere expectation should В nlace on each of the possi? 


1 
SOLUTION. (1) Probability of no head isl 


=", B's expectation on no head x 1 rupee. = 0625 rupee 
(2) Probability of one head = 4C, руз, where p=q=}. 


=4х}хіхіхі = = 
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B's expectation on one head = + x1 rupee==.25 rupee 
(3) Probability of two heads =C, p34, where P=q=} 
4х3 3 
ell 


B's expectation on two heads = 3x IRe. =.375 rupee. 

PROBLEM 11.73, А and B throw with one die for a prize of Rs. 11, which 
is 10 be won by the player who first throws 6. If A has the first throw, that are their 
respective expectations. 


SOLUTION. If A is to win, six must be thrown on first, thira, sth. . 
throws and no other. The sum of these probabilities is As chance of 
g. Similarly if B is to win, six must be thrown on second, fourth, bess 


‚+ throws. 
. These respective probabilities then appear as following geometrical progres- 
sions. 


— 25 
А :—-6. Toe ＋. 2 2 2 0 
1[6 1[6 
= ا‎ — 
11 
25 1 25 
1— xL CL — 
(Ae ) Bet 
5 125 
B:——— 
36 * 1296 
5/36 5/36 
5 
- = 11 
126 5 25 
F و‎ - 5 
1296 30 ) j 36 
Therefore for a prize of Rs. 11. 
A's expectation 2 Rs. 11 —Rs. 6. 
and B's expectation ir х Rs. II Rs. 5. 
PROBLEM 11.74. Suppose a black ball has been drawn Жоан pd е 


5, the first containing three black balls and seven white, 1 
balls and three WHITE. Td third eli ht black balls and four white г what is the pro- 


bability that it was drawn from the first bag ? ү У ў 
50 і eeded from опе of n mut- 
LUTION. If an event is known to have proc on Ae eer 


ually exclusive causes whose probabilities are Py, Po. «c^ 
it Pi, py... sss „Рп аге the respective probabilities that one of the л causes 
exists, then the probability that the event р from the mth cause is 

P= Pm.Pm 


— — 88 
Pipi + Papat «+ +. nn 

In the given problem d 
PI Pz Pa- g, since it is just as probable that the ball was drawn fro! 

one bag as another? 


3 
also, p, i.e., the probability of drawing a black ball from the first bag— у 
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Therefore, the probability that a black ball drawn belongs to the first bag. 


T s 1/3 . 3/10 36 

1753021 5/8 11:12 Dı 

PROBLEM 11.75 A bag contains 5 balls Which are just as likely to be 
white as coloured . Two white balls are drawn from the bag. What is the probability 
that all are white ? 


SOLUTION. The Probability that a ball is white =} 
The probability that all the balls are white— iC pi 1. 


5 
a E e MEE 
„ 
» » » 2 ^ » cr = 3) 
Two white balls have been drawn. 
The probability of drawing 2 white balls when all the balls arc white 
"Ce 1 
= dom, 
2.7.6 
de ate MT E js TES 
* 5C,— 10 
a оа. ا‎ 
a "o3 810 
” * ээ °С, 1 
2 » ” 2 ээ” ША. 


Тһе Probability of the Compound event that there were 


30 


4 white balls and i N 
White balls and two white balls were drawn 32^X 10 20 


3 өйде» . 
» a» 3 3 х= 320 
2 9 20" ied 19 
У ” ” » 752 X = 320 
Since the events are mutually exclusive the total of the probability 
К. 30 10 80 


1 30 
2 * 339 “320+ Rig = vx 
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If the total of probability = Э the probability of all bails being 


PROBLEM 11.76 Suppose that A is known to tell the truth im five cases 
ош of six and he states that a white ball was drawn froma bag 9 black 
and one white ball ; what is the probability that the white ball was really 2 


SOLUTION. The probability that a White ball is drawn in case is a! 
io: i that the white ball was drawn and that A the 
x v 


Furthermore, the probability thata black ball was drawn and A told a 
lie about it is 9/10 x 1/6. 
Hence the probability that a white ball was drawn is 
Fi. 1/10.5/6 e 
P= -1710:5/6+9/10:1]6 -— n 
PROBLEM 11.77 (a) The probability that a certain event was 
1[10, and A, who is Rm in 49 cases out of 50, said that Да somes B 


agrees with A in stating that the event happened. B is accurate in 9 cases out of 10. 
What is the probability that it actually did occur ? 


(b) Suppose if C, who is accurate in 7 eases out of 10, denies that the event 
mentioned above 3-7 what is the probability that it happened ? 


SOLUTION. (a)Probability that the event happened and that A and B. 
Were right. 
1 49 9 441 
=- 30 * T07 5000 “С 
Probability that the event did not happen and that A and B were wrong 
9 1 1 9 
— — — 
i AS 8 50 10 
Probability that the event actually did occur 
... 441/5000 4415000 441 — 4 
44115000 + 9/5000 = 4505000 450 50 races 
(b) Probability that the event happened and A and B were right wrong 
2 0,9, 2 eee 
10 50 10 10 50,000 en 
Probability that the event did not happen and A and B were wrong 
i N 3 
right c K LK N سڪ‎ 
OM = ig 50 10 Жу — 50,000 
Probability that the event actually did occur 


а 1323/50,000 ے‎ 1323/50000 .— E -2 
1323]50,000 + 63] 50,000 386 | 50,000 


odds are 8 to 3 against 
PROBLEM 11.78. А, B апа C run a гасе. The а oper 
4, 5 to 2 against B. Assuming a dead heat to be impossible, find 


against C, 
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SOLUTION. Аз the events in question are mutually exclusive | 

the possibilities of A's, B's and C's success must be equal to unity, 
ori + * C's chance of success= 1. 


. C's chance of success = 1— (Gr a 
Odds against C are 43 to 34. 


PROBLEM 11.79. I have 5 rupees and 3 five paise coins placed а 
ina line. What is the chance that both the Бы Coins are 5 paise с 

SOLUTION. The chance that the опе extreme coin is a 5 pai 
after the event peer the chance that the other extreme position is 


WAP ru dr us 
In such cases the possibilities of the compound event are given by 
n 
Р (m n) m* n—1) 
Where *z' stands for the unit whose chance of success has to bee 
and ‘m’ the other event, substituting the figures :— 
3 3(3—1) 
(m+) (тъп) ў: 


‘n’ stands for the unit whose cha f success has to be calcu 

and *m' the other event, substituting the RES E 1 

. 28 
(5+3) (5+3—1у ^736-^ 33— ү. 

PROBLEM 11.80. Three cards are drawn at random from a pack, 

that they are an ace, a king and a queen. А 


SOLUTION. Three cards can be drawn from 52 in 52C, wa; 
ace, one king and one 


queen can be selected out of 4 aces, 4 kings, 
in 4C, x 4C, x 4C, ways, 


Therefore required chance of the event 
= SC X 40, x «C, = 4X4x4x3x2 16 
N 


of the former are 5 to 6. Find the 
one at least of the events will happi # 


SOLUTION. The chance that the Ist event happens and the 2nd 
not happen 
2 5 10 
И аа 
The chance that 
5 6 
3 


The chance that both the events happen | 
2.6 12 
77 


The chance that one at least of the events will happen. 
„ 
TL. 
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PROBLEM 11.82. The odds against A solving a are 8 to 6, and the 


i, of B solving the same problem are 14 to What is the probabilit 
¥ both of them try the problem it will be solved ? 4 


SOLUTION. The probability that A will fail to solve the pro- 
8 
Ртг 
The probability that B will fail to solve the problem = E 
he compound probability of none of them solving the problem 


O „3ш 
M' 2 2 


The probability that the problem is solved either by A or by B or by both 


21 21 
PROBLEM 11.83. Four persons draw each a card from an ordinary pack, 
the chance that no cards are of equal value. 
SOLUTION. The probability that the second would draw a card different 


in value from the one drawn by the first person = g~ , as there are 51 cards left 


tad they contain 3 cards of the value as drawn by the first person. à 
The probability that the third person would draw a card different in value 


from those drawn by the first and second persons LI „as there are 50 cards 
kft and they contain 6 cards of the same value as drawn either by A or B. : 

Similarly, the probability that the fourth person would draw a card different 
A value from those drawn by the previous three persons = = 


The probability of the compound event 
„48 44 40, 2816 
51 50 49 4165 
F ROBLEM 11.84. A purse eere 1 rupee бм соррег dean a pool 
: lesign of a rupee. er purse contains such con H 
9 coins are "eek 2 — ар UM put in the second one and then 9 coins 
e taken from the second purse and put in the first опе. Find. the chance that the 
pee is still in the first purse. 


SOLUTION. Theprobability that the, rupee iris not go out of the first 
Purse at all when 9 coins are taken out = тс? 31105 

The Probability that the rupee went out of the first purse and then came 

beck to it (сас Cre LE 
10C, c, ) 
ES xs. afl 
10 19 190 remain i 

If any of the two events happens the rupee would NER E 


So its chances aret as = 150 = ne 
» PROBLEM 11.85. If six coins are tossed what is the chance the one and 


x 


one will turn up head. 


чыйт The probability of соіа faliing wit: head or taii upwards is 
itomia] Probability of onl head upward would be given by that term of 
al in which there is pig p 


(P Qf з ре бруд 4 15p tq? + 20p q3 + 15р°4%+6р\? +a 
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So the sixth term of the binomial (* De would give us the 
or 
GH? ата тавга и | 
The probability of one head upward = 54 or i 
Without raising the binomial we can find out the Probability by" Cip tt 
or Cipa 6x 4» (15 —6xixix1x1x1i «1-6 dz 
11.86. А, B and C, in order to cut from a pack of 


PROBLEM 
replacing them after each cut . The first to cut a diamoud is fo win, what are 
respective chances ? 


SOLUTION. A's chance of success = + 
я О лур, 
B's chance of success = 8 
as B will get a chance only if A has failed in the first attempt. 
я rq 3 3 1 gi? 
C's chance of success E EIE ae 
as C will geta chance if both A and B fail 
К petu qo 9 
So their chances are —— JI QM ег 
or 16 : 12: 9, 
The probabilities of their success thus would bel, 12, . 
les ICIT success us wou 37 , 357 * 3- 


PROBLEM 11.87. P and О draw in order from a purse in which ш 
Sovereigns and four shillings, If coins are not replaced after the draws, Wi 
their respective chances of drawing a so vereign ? 

SOLUTION. P's chances of success in the first draw = 8. 

Q's chance of success in the first draw. 
uf cu e 2 
F 
P's chance of success in the second draw 
4 3 3 6 
ass, аг 
Q's chance of success in the second draw 
5 2 3 3 
. 
r 

At this stage there are only 3 sovereigns in the purse, so. if — by 
so far P is sure to get it. The probability of their falliag tiil now an 
it would be, 


4 3 2 1 3 1 
. 
Thus the total of P’s chances 


2 | 
a ЖЫ tas 3 
and total of Q's chances 


3 13 
7* 2 35 


n b) 
PROBLEM 11.88. Fiye persons throw for a stake which is 10 be n 0% j 
first person who throws a head with a rupee. If they throw in succe: 
the chances of each of them. 
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ON. Ist eat 
2nd „ „ „ „ = 
34d. „ WP A TER da 
W. ST us хф 
Sth „ „ уу „ EE EE EF ET E Я 
their respective chances of success are in the ratio of 16: 8: 4:2:1 
d so their chances are i i ر ا‎ 
5 CE EE a Ser 
BLEM 11.89. Aand B who are players of equal skill leave a badmin- 


when A had secured 12 points and B 13. If the game was to finish at 15, 
winner was to get Rs. 32, what share each ought to take ? 


(0 Won the next three points, the probability of which 
г. ET 
— iNMRNGRXOS 8 
i) Lost the Ist point and won the next three the probability of which 
м к. piu m 1 — a! 
ET 2 2 2. EC 
(iii) Lost the second point and won the Ist, 3rd and 4th points the probabili- 
л : 1 
| ty of which = 3 3*3 <7 
i») Lost the third point and won the Ist, 2nd and 4th the probability of 


В 1 1 1 1 1 
Eoo or Е 
‘So his chance of success = Û + Û. "A. * 1.5 
3 a 165 16 ЛЕКИН 
— B would have won if he * 
(0 Won the next two points the probability of which. 
— RIEN 
B s 4 


(i) Lost the 1st point and won the 2nd. and third the probability of which 
E 1 d ! 


Я 


18 1 1 1 
T к 
©) Lost the 2nd and 3га and won the Ist and 4th points the probability of 
4.30120 3 2 08 

ў 2 7-4 SERIE 

) Lost the ist and 3rd and won the 2nd and 4th points the probability of 


1x1x1x1- 15 
P 
Y 1 11 
i Зо his chance of success --f + F #7 ^41 "ic 
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Since their chances of success are= de and 15 
They should share (-- х 32) and (452 ) 
or Rs. 10 and Rs. 22 respectively . 


PROBLEM 11.90. Phas in his pocket one rupee and four 5 paise coli 
lakes out two coins at random and promises to give one coin io R and the 
What is the worth of Q's expectation. 


SOLUTION. The probability of P's drawing 2 five paise coins 
The probability of P's drawing 1 five paise coin and 1 rupes 


XC _.2 
5 


The chance that P drew I five paise coin and the rupee and that 
the rupee = 2 x = 1 and the value of his expectation, | 


= ] x20 five paise coins = 4 five paise coins 

The chance that P drew I five paise coin and the rupee and Qj 
five paise coin. 

= fxğ= 1} and the value of his expectation 

= 1*1 five paise coin 1 five paise coin 
Thus the total worth of the expectation 

=ў+4+1=4{ five paise coins р 
PROBLEM 11.91. There are three bails ina bag, but it is not kn 


what colour they are ; one dri is . What | 
ability thai all bolle ere ген from the bag is of red colour 


SOLUTION. The probabili Ils or onl 
ball is red is equal, or Po ility that all the balls, or two balls у 


The probability that all the three balls are red and that single draw 
give а red ball- I „ 3 = 3 | 
3 3 9 
The probability that two balls are red and that a single draw would 
2 


1 2 
a red ball= сте 
5 3 9 


Ud aire ead that only one ball is red and that a single draw Bi 
l= | Ae با‎ 
"xr jx 


The probability that all the balls are red 
3/9 


= 3 že 
3/9-2]9-1]9 = “9 X е = 


3 „ыш оону that there are six white balls and а draw of 3 would 


ax qq = 2 
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The probability that there are 5 white balls and a draw of 3 would give 
{ие balls. 
| 5С, 10 
f = 
. The probability that there are 4 white balls and a draw of three would 
pe 3 white balls 


=}x "Ca = 


. The probability that there are three white balls and a draw of three would 
fe three white balis 


ala 


3C 1 
r Te 3 
The probability that only three balls are White. 


E s 
20 10 4 1M 
80 WG 
JEN C: 1 
O C - 


PROBLEM 11.93, A bag contains 5 balls, Their colours are not known. 
A ball is taken out and found rt white. It is replaced and another draw is made. 
Tlis ball also happens io be white. This is also replaced, and а simultaneous draw 
4f two balls is made. What is the chance that both of them would be white. 


SOLUTION. The probability that 5, 4, 3, 2 or 1 ball is white is equal 
orit is 1 


а (а) The probability that there are 5 white balls and 2 suceessive draws, 
| ter replacement would both give white balls 


„ 
5 Б а ГЫ 


(b) The probability that there are 4 white balls and 2 successive draws, 
replacement would both give white balls 
Cd. 4 16 
5 SR З 
ай (с) The probability that there are three white balls and 2 successive draws, 
replacement would both give white balls 
9 


; 
f after 


1. 3 Sa 
5 * „ , an 
тра (4) The probability that there are 2 white balls and 2 successive draws, after 
cement would both give white balls 
кш The probability that there is 1 white ball and 2 successive draws, after 
ment, would both give white balls 
i „11 E 
TST Eh 
Thus the total of the probabilities of the first event 
-25 pie 
125 +1237 '3125 “ 125 125 15 
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simul 


The probability of event (a) and that of drawing two white balls 
neously 


2 җы Аай O 
1250 


The probability of event (5) and that of drawing two white balls simul 
usly 


8 
ЗЫ o 50 


The probability of event (c) and that of drawing two white balls si 
neously 


9 ЗС, 27 
125 TC, = 1350 

The probability of event (d) and that of drawing 2 white balls si 
neously 


ч. SE d * Ce = 2. 
15 50 1250 
The total of these probabilities 
250 96 27 4 377 
Т THU 12:50 " 12:0 1580 ^ 1280 
The probability of the events 
TON. 4r 
1250 125 
E2317. 125 — 373 


5 rupee coins and one of them is known 
have two heads. He takes Out а coin at random and tosses it 5 times and it ah 


five ti 
DUE M. bt I 


e. : fell heads all 
The probability that a rupee with one head was sclected and it fel « 
“othe five times T 


SOLUTION. The robabili ith two heads was selected. 
and it fell heads all the five times“! the rupee with two 


4 1 
"ухах фр "40 
The chance that the rupee with 2 heads was selected 
2 Е 
15+10 5°; ^5 * 
PROBLEM 11.95. 4 Speaks the zruth in 75%, cases and Bin HL 
cases. In упш percentage of cases are the Y likely to contradict each other in 
the same fact ? — 
SOLUTION. ill i her only if one of them ] 
the truth andar They w contradict each other only i 
The probability that A Speaks the truth and B a lic 
75 x 20 = 3 
100 T0 30 
The probability that h speaks the truth and A a lie 
4 33 x.» — 4 
10 "10 D 
Т. The total probability = x 
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7. The percentage of cases in which they contradict each other 


7 7 
= gy Х100=35% 2 
PROBLEM 11.96. A and Bare two very weak students of statistics and 
chances of solving a problem correctly are {апала respectively. They are 
n a question and obtain the same answer. If there probability of their making а 


7 a TU find the chance that their answer was correct. 
SOLUTION. The probability that both A and В were right 
1 1 1 


n mistake is: 


=x یت ل‎ 
8 12 96 
The probability that both of them were wrong and committed .a common 
mies. II 1.2 T 


8 12 1001 ^ 96096 - 
The probability that both of them were right. 
1/96 „ 1. % 1078: ОВОГ 
1196277196096 "96 ` 96096 96 108 14 
PROBLEM 11.97. A bag contains 5 red and 3 black balls and a second one 4 
ted and 5 black balls. One of 11 bags is chosen at random and a draw of 2 balls 
ismade from it. Find the chance that one is red and the other black. 
,., SOLUTION. The probability that the Ist bag was selected and a draw of 2 
balls gives one red and one black ball. 
1 iC ХЗС; „15 
ER. 6С, 56 
The probability that the 2nd bag was select 
one red and one black ball. 


lI ACI CL 25 


ted and a draw of 2 balls gives 


ү. LOI ERE e 
Since the events are mutually exclusive the probability of the even 


i. s.n 

56 18 7304 «p UD e 

PROBLEM 11.98. A and B play for a prize of Rs. 324. is to throw 

^ die first and is ^x vin if he pot 7 If he fails B is to ci 1 ae rad if 
e throws 6 or 5. If he fails, A is to throw again and 10 win if he throws 6, 

and so оп. Find their respective expectations. 


SOLUTION. 


| = 
* 


т 1 
pun of A's winning in the first throws p- 
| E 
К - Bá „ „ , СТН 
| A 
Е" Аз. „ „ — F iri 18 
3 
» Bs, 4h еи 
1 
» 3 sh „ ERATE 6 6 3M 
5 1 LETS, 26° -4 
M | T 6th= z^ poe gx MT MEET. 


169 


324 


ES 5 155 
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Total of A's chances of success = ELS Da 
n 


" 
> ВЕ TRE = 


Г. Their respective expectations аге 
169 
A= 324 * 24 = Rs. 169. 


155 

B= 324 X324- Rs. 155. 

PROBLEM 11.99. Eight mice are selected at random from a large 
and then divided into two groups of four each—group A cnd group B. Each mouse 
group A is given a dose*a' of a certain poison which is expected to kill one in 
Each mouse in group B is given a dose *b' of another ‘poison which is expected. 
kill one in two. 7 that, nevertheless, there may be fewer deaths in group В 
in group А and find the probability of the happening 


SOLUTION. Therecan be fewer deaths in group B inthe 
ways :— 


No. of decths in No. of deaths in 
Group B Group A 
0 more than 0 (1, 2, 3 or 4) 


1 more than 1 (2, 3 or 4) 
2 more than 2 (3 or 4) 
3 more than 3 (4) 
„То find out the probabilities of each of the above happenings we shall 
to raise two binomials—one for group A, and the other for group B. 

Group A 


If ‘p’ stands for deaths and ‘g’ for survival, 
1 53:44 
G -( 
1 12 + 54 108 175 


Бозе о 39-556 " 356 
Group B 
(p+q)*=(} pt 


more than zero, (1, 2, 3or 4) deaths in group A, 


1 7 
-(* ae )* (i^ 850 (is ^ 5 )+(к * 356 ) з 
The probability of the second event 


qi cH 1 12 de od E. 
() Gi 25) (6) a 
The probability of the third event % 
ou AE Spr: = 

Gs Law )+ 16 “335 ) k 


EURO 6. o4 1 
16 * 16 * T6 * 36 ^ 36 E 
The probability of the first event when there is no death in group 


The probability of the fourth event 4 

Nu er i 5 196 
(1 з%—) venis 

As the events are actually exclusive the probability of any of the € 

= 


175 268 78 4 525 
096 % 4996 0 
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REVISIONAL PROBLEMS—11 


1. What is the chance that a leap ycar, selected at random, will 
53 Mondays ? (ans. $) 
10}. Two cards are drawn from a well-shuffled pack of 52 cards. 
Ве probability that they are both aces if the first card is (a) replaced (b) 
d [ Ans . (а) уф 0) 2n] 
11102. A six faced die is so biased that it is twice as likely to show an 
mumber as an odd number when thrown. It is thrown twice. What 

th probability that the sum of the two numbers thrown is суеп. 
(Ans -$ ) 


n 6 shots, B2 times in 5 shots and C 
probability that 2 shots 

(Ans : 9/20) 
om in an 


103. Асап hit a target 3 times i 
esin 4 shots. They fire a volley. What is the 


11104. (a) What is the probability that а vowel selected at rand: 
lish book is an i ? 


e Ina single throw with two dice, find the chances of throwing 10 8 


(e) Four cards are drawn without replacement. What is the probability 
that they are all aces? 1 
[Ans :p= de; (0) O P= gf D ER ; (c) реттде) 
11.105. A problem'in Statistics is given to three students A, В and C 
Whose chances of solving it are 3, 3 and 1 respectively. What is the probability 
‘that the problem will be solved ? (Ans = 
11.106. A, B and C in order toss а coin. Thefirst one to throw а head 
n E are their respective chances to Win. (47 A=4, В=4 a 
.407. In a single th ith two dice, what is thc probability of throw" 
ing (а) two aces and (5) 2 M М Ans : «o 1 1 
11108. Five men in a company of 20 ate ‘graduates. If 3 men are рі 
М TOR at on, what is "he. probability that they are all graduates ? 
e pri ili 
probability of at least one graduate tas ees Jape m ) 
11.109. (a) What is the probability of getting only one head in five 


1 A 0.70 and that а 
(b) The probability that a boy will get à scholarship is 0.0 and | 
girl will get is 0 а i bi ity that at least one of jhem will get 
_ he scholarship а is the probability (ans. (a) P= (b) 2-098] 
10.110. An urn contains 4 red and 3 blue ball. Two drawings of 2 balls 
. Find the chance that the first drawing gives 2 д Баць se ^ud 
i i re re 
Man wing gives 2 blue balls, if the balls à e (Ans pe o) 
11111. Su two six-faced -dice are thrown 10 times. What is the 
probability c ppose two six-f AUT 
ility of getting double six in at least one of the thr 17 p gD 
11.112. If a single draw is made from a Pack of 52 cards, what is the 
Probability of securing either an ace of spades or Jack of clubs? (Але жЕ, 
— шз. А and B decide to. meet between, 5 and 6 P: m. but that к 
i ic ther. E г 
that they it D longer than 10 minutes for the опе! (Mns рт ) 
11.114. Two cards are randomly drawn from @ pack of 52 cards and 
гау. Ai 1 i i from 
[Owr away. What is th ability of drawing an ace ina single draw. 
the remaining 50 саг? kx (Ans is =50825 
aps, 11-115. A ba i hite and 4 black balls. А ball is drawn Irom 
‘this bag. and replac Re second draw of Ku В made. What is the 
ity th i the other is blac r 
Probability that one of these is red and the о [Ans PEUX 


Probability — (Contd.) 


In this ter are some comparatively difficult questions 
The treatment of the subject in this chapter is mathematical. As 
omitted by students who need to have an elementary knowled 
only. Two or three questions of the previous chapter have be 
illustrate the mathematical treatment. 


MATHEMATICAL TREATMENT OF PROBABILITY | 


By Direct Enumeration of Cases : 
de iege un 121. What is the probability of getting 9 


SOLUTION. If 3 dice are rolled, the number of all po 
36 x6x6—6* 


quiz MUR show up а; the second аз; and the third * he 


If the sum of the points is to be 9, 41, 45, аз should be such tha 
+4=9, where a, a» az=, 2,3, 4, 5, 6. 


The number of all i 80 
T p т of all favourable cases is equal to the number of solu 


To A e out the number of solutions of this equation, cot 


ро! å 
AB a + уб و‎ D 
Multiplying it by itself, we get, 
Оа ex, 116) PHT s pate) H.. . + (atop 

3.6 It may be seen that exponents of x аге a, +a, where 4j, û 

,6. 


Similarly, the exponents of 

(* R x8 4 xt) -a 

will be a, + a;-F-as, where 41, dg, az=], 2, 3, 4, 5, 6. * 

Now, we have to find the number of all those cases for which 
41 tds ü4s 9 n 

and this obviously is the coefficient of x? in the expansion of 
Gr xt 3رچ‎ e xh x8 x6)? 


Now, xx 4 x3 5 gate E Sum of G.P.) 


Lex a exte 40% . 
By the binomial theorem : El 
e - n yy 

and (1—23)-*& 1 + 3x? + 6x2 + 10x34- 15-218 +2858... a 
„ 9X» à» (3334... x (LS 28 e] 
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Multiplying the expressions on г. b. s. and collecting the terms x* we find 
the cient of 


x!e28—322$ 
I" number of solutions of the equations Мо. of all favourable 
The required probability == -- — 
IV. B. This technique is meant for those cases where the number of dice 


large. Here it is used for illustration. Consider the next problem. where 
enumeration of favourable cases, without using this device, is very difficult.) 


12.2. What isthe probability of getting 20 points with 6 


SOLUTION. If 6 dice are rolled, the number of all possible cases 
X6x6x6x 6 x 668. 

Let the first die show up a, ; the second. аз ; the third, аз; the fourth, 4. 
fifth, a, ; and the sixth, % Where ау, das a 40 45, 4l, 2, J. 4, 5,6. 

Now ау, аз, às, ац, ау, a, should be such that 

аү+а,+ау+ а,+а„+а,=20. 

The number of all favourable cases is equal to the number of solutions 
this equation. To find out this number consider the polynomial : 

xx? + x34- x5 + x5 4x8 4 

The number of all favourable cases wit de equal to the coefficient of x*° 

the expansion of 


(x+ x24 x3 x ae xd + 8(۶ 
Now, X T* +x? xi ＋ K A012 sum of G. P. 


„NN xt x xS) 55 : 
a] binomial theorem : E 
1—35) 6 x1 60, x6 + 5C, x T2 Cat +*С,х%4—...... x 
= x6 — 6x12 + 15x18 20:84 +...... +x% 
1 6.7 
о-о ЮИ 
6x 7x8x9x10x I1 X 12x 13 AA 
8X1x6x5x4X3x 2x : 
6X7Xx8x9x10x11x12x13x l4X ISXIGXI7X 18X19 aay, 
141 
=1+6х-+Е21х%+...... +1287х8+-....{-11628х14+ 
. [x(1—x® 
m] — p 6l p 15x18 — 20x04 p] X [E e 2B eee 


. 


+ 


+1287х®+...... * 11628: + ...... ] 

Multiplying the expressions on г, b, s. and collecting the terms 
y 1162826. 1287x2018 2140 
+ Coefficient of x20—(4628—7722+315) 
E —11943—7722—4221 
| "The number of solution The number of all favourable cases—4221 

` 7 

+ The required probability A = 45556 Au 
Wig ROBLEM 123, Twelve balls are distributed at random among three boxes. 


- HEB the probability that the first box contains three balls ? 


| 


х? we find : 
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Ы рит To distinguish one ball from other, let us 
* 2, 3. 11. 
Now Ball 1 may fall in any of the 3 boxes. This gives 3 cases. 


Ball 2 may fall in any of the 3 boxes. Therefore. for two balls 
be 353 3? cases and so on. For twelve balls there will be 312 possible cas 


Now, suppose the first box contains 3 balls. The remaining 9 
be distributed in 2 boxes in any of the ways. 


The number of ways in which 9 balls may be distributed in 2 
Next, there are 12 balls and 3 balls are ina box. Out of 12 
can be selected in 12C, ways. 
Number of all favourable cases="*C, x 29. 
12x11x10 „5 
KETE 2 
12x11 x10 x 2? 
3x2x1x32 T 
112640 
EXE ww 
PROBLEM 124. А certain number (200) of identical balls is 
among 20 compartments. What is the most probable number of balls in a 
compartment ? .- 
SOLUTION. Let the most probable number of balls be a 
No. of all possible cases = 20200 
No. of all favourable casés= 200C хх Q0—1)2007x 
200 j200-—. 
“The required probability = — СОО 070 _ 
53 3100€ x 19200-x 
20200 Ё: 
This will be the greatest if 29°C, 19200— js the greatest. 
i.e. if,  200Cy x 19200=7 200 C, 1 x19200-x+1 { 
200C, х 19200-x 2000. ix 192001 
(for) 200€, 19299 - is xt term in the expansion of (19 +11)?0° 
if — 200! 200 ! = 
oif 1100-4 (к= Qu -—x 198 
200! 


Же UE Sao 199-Х 
x@O „19200 . sijia < 
1 


8 
or, if => Mixx х 19 or 201—x>519x, or 201 20x 


== 


«`. The required probability 


1 
200 191 or 19x 19:200 x, or 2015181 
i. е., 1817220x 201 


«2X2 10. 

0 190 
The required probability P = 1 

200 19190 
= 901101 * 206 
Anti-log [Log P = 259.3233260,2000} = 1.1233 
..P=0.1328 
PROBLEM 12.5. ‘An urn contains 12 white balls and 8 black ball 


balls are drawn from this u , them ther 
exactly 5 white balls and TM 74 A 
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SOLUTION. The total number of ways to get 8 balls out of 20 balls is?°C,. 
This is the number of all possible and equally likely cases. 
5 white balls can be drawn out of 12 white balls in the urn in '* C; ways, 
ad black balls can be drawn out of 8 black balls in ЗС; ways 
Now every group of 5 white balls combines with every possible group of 3 
black balls. 
+, The no. of ways to form all groups containing $ white balls and 3 black 
ЫБ: C, x®C,. 
This is the number of all favourable cases. 
* The = Cg x< Ca 
Ad required probability = oe = 
12x11 x10x 9x8 х 8x7x6 хіх 2х 3x 4х 5х 6x 7x 8 
ES Ond Cjx2x1  20Xx19Xx18x17x16 x15 x 14X13 
2 
20995 
. PROBLEM 126. Whatis the probability of obtaining a зит of 10 ina 
single throw of five dice ? 


SOLUTION. A sum of 10 can be obtained in any of the following ways: 
Combinations giving a sum of 10: 


[ (1) T ay D As 6 
Q 1, ho iaa ЫШ 
| Mt, c1; 15 
1. 15, ZB 
1. 1 ОА 
1. 2. 
2. 2, ZEN 
1 
Now the first combination has got =5 Permutations 
$T 
» Second „ „ әр ERI SESSEL 
„ rag, ы 0 » 
\ s 
J » fourth „ „ 5 А 
the fifth combination has got 3T Ri Ade die 
| нымы х M EX : 220 „ 
| » Seventh ,, 5 » iT 1 AR 
Total number of favourable cases = 126 
Number of all possible cases=(6)°= 7776 
* th s m 126 = 21 = 0 
| the required probability = mié 1296 432 
PROBLEM ism, rectangular faces marked 1, 2, 3 
CVVT 
abs y Typ ds m and ietrahedrai 
ed. The spots on the under faces of the. pris bability of a sum of 7 ? 


- “рег face of the cubical die are counted. What is the pro 
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SOLUTION. A sum of 7 could be made up of any of the following с 


binations 
(1) 1 1j 9 
(2) 1, 2, 4 
(3) 3 cH 1 
(4) 2, 2, 3 


The first combination can occur in 1 way only 
» second ” ^" ” 4ways ,, 
„ third ао 3 ways „ 
F 3 ways „ 
. No. of all favourable cases = 11 

No. of all possible cases 23x4x6272 


Тһе required probability 11 


PROBLEM 128. 20 letters, to each of which corresponds an envelope, 
placed in the envelopes at random. What is the probabilit y that letter one is. 
in the right envelope? - 


SOLUTION. .Let the number of ways in which all letters сап go 
p20. Now consider any particular letter. If this occupies another's envel 
and vice versa, this can happen in (20—1)=19 ways. The remaining ( 
letters can go wrong in 120—2 = и18 ways. But if the letter occupies 


lace, this can n in 20—1 = 19 wa; d if not уй , there are 
RE ge hod an po ys and if not vice versa 


20 (20—1) (p194 p18) 
= 19 (119 + p18) 
This may be written as 
1202 20u19— p19 + 2018—18 
ог 420—20519 «—[119—(20—)418] 
Let 120 u20—20,19 
Then и20=—Ь19 
=(—1)"*y, 
Thus 220-2019 = (—1)29-20,2 1) 
1, te. i wrong is 
ren ее салво а 
4 p20—20119 = (— 1202 = (1(1) Ihe 
10-201 = (—1)19 
or и20= 1 20419 
1+ 20((—1) + 19418] 
= 1—20 + 20.19[(—1)" + 18417) 
= 1-20 + 20.1420 19.18(—1)7 + 1716) 
= 1—20 + (20x 19}—(20X 19 x 18) +.. + (20 19 х18).5 10—1)* + 4p3] 
=1—20 + (20x 19)—(20x 19x 18) + .. + (20x 19х.....5)+20х 19x18 
+5х4@(—1# + 3:2) sA Ч 
2:1—20 (20x 19)—420x 19 x 18) + +. +(20х19х...5)—(20 x 19x 18X s200 
+205 19..... x 4x 4-17 +2811 
$1—20 4 (20x 19)—(20» 19x 18) +... + (20x 19x ..4 3) 
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20! 20! ‚ 20! 20! 21 
Ir їз ie 
P ll IE 1 
rr pr * ют] 
Now the total number of possible ways 20! 


| ic d E og 
: 20! [zr эт +0] 
ene required probability — el 


mr Mee T 1 ges + 1 
2! ЗТ: oiling 204 
i. e. the first twenty terms of et. 


PROBLEM 12.9. Twelve persons, amongst whom are A & B, sit down at 
random at a round table. What is the probability that there arer persons—r=0, 


1,2, ele. between A and B 2 


SOLUTION. A and B can occupy 47P,=12 11 
the number of all possible cases. 


| Seats occupied 
0 (., (2,3), (3,4), (4,5), (5,6), (6,7). (71,8), G), (9,10), (010,1), ox] 


1 (1,3), (2,4), (3,5),......(10, 12), (11,1), (12,2) 
2 (1,4), (2,5), (3,6),..... (10, 1), (11,2), (12,3) 


—132 positions in all. This is 


. No, of all favourable 

cases—2 x 12 

of all favourable 

cases—2x 12 

„ No. of all favourable 
cases—2x 12 


When O- A and B can interchange seats, 
| »  r—i—Aand B can interchange seats, . No. 


| „ -A and B can interchange seats, 
„ Anand B can interchange seats, 2. No. 22 » 
| „ r=4—A and B can interchange seats, 2. No, precede Wes 
terchanging seats is already 
„ tue positions that they take after n 

counted, and therefore no. of all favourable cases=12 

For r 75, we observe that 1 
these cases are the same as those for 1, 
Ss, (see the adjoining diagram). 

when r—9, there are if. 
1 r=10 persons between A and B 
Thus when r—1, there are 
r=9 persons between A and B 10. 4 


Thus when r—4, there are 
r=6 persons between A and B 5 
The required probability 

12x1 . 6 


fot: ren jm eek 
or rem AL D 7 
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1 
for r= = = for r=2,= AIR 


PROBLEM 12.10. A and B stand in line, at random, with 10 other perso 
cee Е the probability that there will be ғ persons—r—0, 1, 2 ete, E 
them 


SOLUTION. A and B can take 12P2= 12 11 positions, This is the nuni 
of all possible cases, 


Next, we find out the number of Positions for different values of r. T 
be noted that A and B can interchange positions. 


Position taken 


г @,2),(2,3),(3,4),(5,6),(6,7),(7,8), 
(8,9),(9,10),(10,11),(11, 12) 


1. (1,3), (2,4)....(9,11), (10,12) = 

2. (1,4), Q,5).... (9,12) 

3. (1,5), (2,6) 812) 4215 
4. (1,6), (2,7)... .(7,12) lia 
5. (1,7), Q,8)....(6,12) ih 
6. (1,8), 2,9)....(5,12) iri 
7. (1,9), (2, 10), (3,11), (4, 12) 

8. (1,10),(2,11), (3,12) 

9. (1,11), (2,12) | 
10. (1,12) 


and Compound Probability 


PROBLEM 12. и deck, Whai 
the probability that 10 cards il gage опе by one from a fu 


SOLUTION. Serial No, of cards, The probability that it is not an c 


48/52 
47/51 
46/50 
45/49 
44/48 
43/47 
42146 
41/45 
10/44 
39/43 
The probability that the 11th card is an асе f 


S auwn 
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115 4 46 
Ihe required probability <> x 51 X 59 x . 47 


__ 41x40x39x 4 
52x51 x 50x49 

_ 164 

4165 


| PROBLEM 12.12. Urn J contains 10 white and 3 black balls ; urn 2 contains 
white and 5 black balls. Two balls are transferred from urn 1 and placed in urn 
land —1 сг ball is taken from the latter. What is the probability that it isa 


SOLUTION. The probability of taking out a white ball from urn,=4$ 
„ „ „% % % BON ION ES 
Now, two balls are transferred from urn, to urn, 
The probability that both of them are white = 39.97 
», ” * ” ” * black == 12 12 


„ Now, one white and one black ball can be taken out in two ways : first 
Ше and second black, first black and second white. : 


*. The probability that one of them is white and the other black 

ЕГ 105 3 з 10 

(т) улл 

Prresponding to these three cases, in which there are respectively 5 white 


‚ 5 black balls, 3 white balls, 7 black balls and 4 white balls and 6 black balls 
Î urn, we shall have three probabilities of drawing a white ball from urng. 


The probability of drawing a white ball in the 


10.,9 5 

"» „ 75 Эй n „ first case—43 * 10 
3 2 3 
"^ n „ n Moe TO 
3 10, 4 


third case=2 ту 1310 


” ” ” » 


be probability that the ball taken from urn, is white 
E 9. 9.5 3x2x3 2x3x4x10 
3 2 510). 13x12x10, NI 
=-40 , 18 20 _ 59 
1568 TIZA = 
„ ee 159 FTO — 130. 
theag OBLEM 12.13. A, B and C inorder toss a coin. The first one to throw 
|3, 


та . What are th chances of winning ? Assume that the game 
May continue eir respective f 


"s turn comes, C's proba- 


id) 4 J. -. If C fails A's turn comes and so on. eir 
Probabilities are given below:— 
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A в с 

i 1 3 
h E us 
138 abs siz 


As chances of winning = (l 
1 


E 


“B's chances of winning = 1(1 +h + (.....۔ + چ‎ 


Зит of С.Р. 


=} х 
H 


Os chances of winning ш] O4- HE get...) 


PROBLEM 12.14. 4 bag contains 20 red balls and 15 white balls. If 
are drawn one by one, find out the probability of drawing first a red, then aw 
зо on alternately until only red balls are left. 


SOLUTION. The probability of drawing 


20 
1st red ball LI 


, 20 15 

Ist white ball after red ball 2015 х9 115 
2nd red ball after 1 red and 1 white ball 

0420 15 19 

2015 * 1915 TI 
2nd white ball after 1 red, I white and ] red ball 

Cur gor 19 14 

20415" TS X T9414 TEIG 
14th white ball after alternately drawing 1 red and F white. 


25 15 19 14 2 
ban жү х IIS * 15-713 Х BFI X Еру 


15th white ball after 15th red ball 
bs & ui 19 xd it 2 
15 ^ 19415 * Topia 18-14 X X837 Х 6+1 
15th white ball after 15th red ball 
= E 2 CUE з 
20415 * FIS тута X 18+14^°°Х6+2 Х 7831 e 
Now that all the 15 white balls have been drawn only red balls are 
the bag. 
The required Probability 


| 
" 


ww WP ë 
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PROBLEM 12.15. Two players A and B toss two dice, A "mb the game. 

game is won by A if he casts 6 points before B casts 7 points; it is won 

B if he casts 7 points before A casts 6 points, (i) what are the probabilities for A 

ai B to win the game if they agree to cast the dice 20 times ? (ii) what is the 

probability of a tie ? and (iii) what are the probabilities for A and B to win the 
qune if the game is continued indefinitely. 


. If two dice are cast the number of all possible cases = 6x6 


Cases favourable 
to Ist dic 


1. Probability of casting 6 points with two dice 
» „ой „ 60 E "LL 
„ „ casting, 7 „ » * = 
» » not 99 з» „ » * = 
The probabilities of A's and B's winning are given below. It should be 
8 that one will get chance of tossing the dice only when the other has 


A’s Probability B’s Probability 

Эт Xu ^ 
Gi xx, [((IESDESIESD 
Gix30)x$ баха) x 3X Se 
(19th trial) (20th trial) 

(33 x 39) $« 


(i) A's probability of winning in 20 tosses 


E: H ; 
I 30x31, (30x37 pa (sg J] 
xl QE (E ++ (FE 


T (529 us 


36? 


—Sum of G. P. 


- 4 [25 (0- (00 )J 
36 "m 216 
EC ^l 
$ 216 
rb inning in 20 tosses 
ro тат 30431 ate + (23) 
. ++ (Эв ) i 
6 „ afi GE J 
36 30 | 61 246 


HU GR] 
F. 26 


Ш 


Ш 
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i In twenty tosses either A will win or B will win or t 
"These are the three mutually exclusive and exhaustive cases. 


-. 1=Probability that A wins--Probability that ` 
there is a tie. 
The probability of a tie 


аа аў а Е Ч ' 155 
à lat! (Ae) tert (a 
EGE 

2:6) [= V 216 
(ii) If the game continues indefinitely : 
A LN 30x31 30x32 
s Probability iu [ 1+ ( zi )+ (2022) 

5 1 

736 IAF 36 
B's Probability — Xx 360 y+ 30x31 + 


ш 


ы х с о p 
136 36^ L 36 х 36 X "6 


Fist dice — 


2 


It is obvious that the possible throws with two dice are 2) 
10, 11, 12, 1 
ПОШ poits: 2 3 4 5 6 7 8 9 10) 

Моо а IGE 4 s 6 ; 4 
Probability of throwing a prime (Le. 2, 3, 5, J and 11) 
2 4 6 2 14 
mid ae ге T Be 
Probability of. throwing an even number - 

3 5 5 3 1 

3e * 36 + e 
Probability of throwing neither gt 
in These three cases are mutually exclusive. Let the 
pinning be Р. If he throws a prime oiner than 2, he wins 
bability of this is = 34 TE 
If he throws an even number, he throws again = 
The probability that he throws an even run 

and the probability that he wins- js. 


um 


Д: 
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If be throws neither, the probability of which i gl, ће throw passes to Paul 
his chance of winning is P, зо that Peter's chane$ of winning ене о) 


7 14 18P 4 
P= ud (ggü-5 
18P , 4P | 14, 4 
r 
22P 18 
x ыы 
18 9 
en 


Peter's chance of winning — 11 


PROBLEM 12.17. if a person playing а certain game can win Re. 1 with 
probability Y, and lose 25 np. with the probability $, what is the probability of 
Winning at least Rs. 3 in 20 games ? 


a SOLUTION. Let x be the number of times the game is won. Therefore 
game is lost 20—x times. 
The total gain - 1. x— 1 (20—2x)—(5x—5) rupees. 
Now Rs. (1x—5) should not be less than Rs. 3 
or ix—523 
or x 232 
car >а ; 
Since x must be an integer, therefore in 27. 
That is in 20 trials an event with probability } must happen at least 7 


gares ror À 0! 12 )JGJ)*- 
Hy x!Q0-x)N 3 3 


| 20-x 
| ч-Ё craton + )(4) 


a ! 20 ! 
— [е chere 2 Mar Ore mp0" 


20 | { ! 20! 

а атту ] 
E 3 [ 229+ 205219) (190 x 238) + (1140 x 2+ (4845 x 219) 
| 
4 04 2 + 
4 1 214 ] 
E ж [ 64 + 640-1:3340-1-0120-1-19380 + 31008 + 38760 

21 f 
3 [102012 11095 
05207 


deen ROBLEM 12.18 1 obability of having 12 three times in 100 
lotes of the die e What is the pr у : 
SOLUTION, First we calculate the probability of 12 with two fav: 

6 


First die: 5 4 3 2 1 
Second die: 6 5 4 ЭЗИ 
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12 can be obtained in only one way. Total no. of cases =6 xi 
Probability of obtaining 12= Jẹ 
If coming up. of 12 is called the event, then according to t 


must take place 3 times. There are hundred tosses and Е с 
Therefore total number of ways in which 12 can come up 3 times 


Now let us find out the probability of any one of these comb 
1 NES 4 EER n 
Let the combination be 
EMEN B P FR... 
The probability that E takes place B ў 
* m " E ” + again = v yv =) 
” » ~ E » а third time . g- (uy 
The probability that E does not take place(i.e.—F takes place 
The probability that F takes place two times = (3 * 
The probability that F takes place 97 times A“ І 
2. The that E 3 times and F takes 
-Qa go" probability takes place 4 


ae an” 
= 0.2257. 


this can happen in 19°C3 ways, the required р 


PROBLEM 1219. What is the probability of having 12 
dice at least three times in hundred throws ? 


SOLUTION. We have seen that the probability of obtain 


= 
Now, probability of obtaining 12 points 3 times 
= Mec. (GU @ a” 
Similarly ,, * „ Ames 00 C (“ 9" 
” » » 99 * rd 129855 ehe Ge 
LCS 3 „ 100 „  —1"Cc, (a)? (9° 
Probability of having 12 points at least three times 


5° 1006 ( 1 y( 35 ie 
ж” 1 5353 j 
i оос, 1 АХ 3 X100-* 
ES c É x) ( 36 


pier 35 JE 1 N94 35 N99 1 27 352 
36 +100( ) 736 +4980 (A8 I 

770.52 (Approx). 
PROBLEM 1220. A bag contains 5 tickets numbered 1, 2,5 

are drawn one by one without replacement. and if the ticket numbered 


the xth drawing, this 7 ability 
р oie ter itd is denoted asa match. Find the proi 


oe ii will b 
the xth drawing, Let Ax be the probability that there 


Then the required probability of at least one match—P (Ay 
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Now we know that 
Art- tA =P HP, ERAN 
* AA RRA RAA 
+ PS Asa) + P(A, ASA) c РАА) 


CA „тааны 
To evaluate this probability, let us calculate these probabilities : 
$ tickets can be arranged іп 5! ways which is the number of all possible 


If suppose ticket numbered 1 at the first draw, then the other 4 
suppose ticket 1 ways. THerefore, the number of favourable cases is 4 | 


' 
ANA -Sr 
Now this can happen with AgyAg--Ago -. The probability = к 
(2) Evaluation of—P(A, A9) —P(A,A3)- -- РАА, 
Suppose tickets nambas 1 and 2 appear at the first and second draws 
ively. Then the other 3 tickets can appear in 3 ! ways. 
Further 2 tickets can be selected out of five tickets in 5C, ways 
М 3! 
APA AD PAA). РА А)= С 
Similarly 
2.1 
NAA, A- 4-P(AgAgAs) = Ca ^8 | 


1! 
Do PAAA AD T. EP(ASA AA C7. 17 


0! 
PA;A,A5A,A;) аса $1 
The required probability = P(A, +Aat Ast Art As) 
. 21 1 ag E 
1 ا‎ i T0, . 


5! $1 
= 4! 5.4 ! 5.4.3 2! 54.3.2 1! 
"Ix рван Б: 4 E i234 5! 
MN 1 1 1 1 
ot) +r 
= 1—0.5000-1-0.1667—0.0417 + 0.0083 


—1.1750—0.5417 = 0.6333 
PROBABILITY OF HYPOTHESIS 


PROBLEM 1221. The contents of urn 1, 2, 3 are as follows : 

urn 1 1 white 2 black 3 red balls 
ит 2 2 white 1 black Г red balls 
urn 3 4 white 5 black 3 red balls 


and One urn is chosen at random and two balls drawn. They happen 10 be white 
l red, what is the probability they come from urn 2or Eq 
vere SOLUTION. Theevent A is that two balls taken from the selec Ea. 
Od and red colour respectively. This fact can be accoun 


(i) The selected urn was i; (if) It was 2, and (iii) Tt was 3. 
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Since the urns are exactly similar, the probabilities of these hi 
before anything is known about the event A are equal. If we call these 
theses B,, B}, and В, and denote their probabilities by (B,), (Bz) (By) respective 
then 

(Bj) =(В,)=(В,)-} 

The probabilities of A, assuming these hypotheses are. 

— (AB) te 3 x} cats | 

(A,By)— “шул aie 


_ (ABD Ax 
a ы = Tec 
e (Bj) (A,B) 
ВА) (5 AB) ENA, ED FENAI 
* ix + 11685 Mc 
@xDTExD+c хоча 1:8 7 037 
3 


imi m UN xd i 
e Oe ODP DHA Tara 


13 165 ДЕ э rss 
Fr 
and (B,,A)= id FAA 
" анна = А 
Еб 2 8 
2-08 HILL II. 


р. Therefore the probability that the balls were taken from urn 2 or um 35 
190 11а 

PROBLEM 1222. Ап urn containing 6 balls was filled inthe 12 p 
manner : А coin was tossed б times,andlaccordinglyas it showed heads or t ont 
white or one black ball was put into the urn. Balls are drawn Jrom this urn hat urt 
a time, 6 times in succession with replacement, What is the probability i 
contains only white balls ? 


‚ SOLUTION. In this problem event A is that in 6 independent va 
white balls appear, The probability of this is definite but unknown. 116 in the | 
can be accounted by six hypotheses regarding the number of white bal 2,03 
urn. They are that the number of white balls in the urn is either 1, Of 
or 4, or 5, or 6. 

te balls 


The a' priori probability of 1, or 2, 3, or 4, or 5, or 6 whi ; 
known by the manner in which the urn js filled. And we find that it is the 34 
as the probability of having 1, or 2, or 3, or 4, or 5, or 6 heads in 6t 
6! 
These probabilities are respectively i ; + › 2141 ' 

1 EVE aS. 564 1 6! 1 KT. 
2973131 +, I21 ' 26 * Stir’ g and $1. 28 

Ы he 18 1 

64 64 е’ є and . 


Probability (Contd.) 407 


yx Gh ‘ 
the hypothesis 1, the probability of ee = ( 2 ) 
y 


A хах (+ 
3 


AUD 
Ty . 
A айка () 


>=> 


> 
= 
21. 
2 
х 
TE 
LI 
- sje 
0 
- 


„ o» 5. GSi uS 


We have to find out the probability that all 6 balls a white, ie. probabi- 


of the 6th hypothesis. 


ility = —̃ ̃ —— — 
| probability E xd» )+( xy )+(& xq) 


NIS 15 xq). е „0% (g × ® ( 


— с 
EN (ease rior 1562504466 y 
_46656_ 


= 7279892 
lack balls, 
PROBLEM 1223. From an urn containing 3 white and 5 Ы 
are transferred into an empty urn.. From this urn 2 balls n p ай e 
happen to be white. What is the probability hat the third о! same 


Will be white ? " 
te. 
" SOLUTION. When we draw two balls from te UE "E^ 8 
fore the urn must contain at least 2 white е second urn, we have 
ur of the 4 balls transferred from the first urn to id 
following hypothesis 
Bl: 2 White balls and 2 black balls. 
B2: 3 white balls and 1 black tall 30% 5C, 
i ا‎ 
A priori probability of the first hy pothesis=(B = — sC, 
3x5x4x4x3X2 . 
= 73x8x1Xx6x 
3C, x 5C, 
=(В)= AC, 
1x5x2x3x4, 1 
8x1x6x 5 


The event A is the fact that both the balls are white. 


Assuming the first hypothesis the probability of As (А, 2 1 
рт. р 
= 
3 


1 
(A.B2) 
* Second , 5 „ ” A= GB = 2 
= m. 1 
+ 


Aprioi =, „ second  » 
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About the future event—drawing a ball from the urn—we can 
two possibilities (i) The balls are returned to the urn, (ii) They are not 


(i) Since the balls are returned to the urn, C beco independent i 
soon as it is known which one of the hypothesis has materialised € “ 


2 3 
Therefore (C,AB,)=(C, B,)= ат Ж: 
ae 
8 
and C. A= = СВ. 4 19 3 
В, n," 4 
14 


=a _(В1) (A, B)) (C.AB,)-+(B,) (A B.) (C, 
Non CA = DARE a (САВ 


)+(B,) (A,B.) 


atin 15 7 ee 
28 ' 112 112 2 
Тез ПРИ 
мж 2F 
The probability that third ball will be white— 12 
(ii) If the two balls are not returned, we have 


(C,AB,)=0 for there were only two white balls. 
1 ( ab a 
and (C,AB,) -(O(4BJ _ Ea 18 ) 
L9 d 
3 1 1 3 1 
` СА (х вхо +(x vx) 
ee (CA) = i i 3 
(7*3) 3 
Dr 
2256 > 84 1 
e 
84 


MATHEMATICAL EXPECTATION 


PROBLEM 1224. А bag contains 3 blue and 4 white counters. A bt | 


counter is worth 5 paisa coin and а White counter is worth 1 rupee. 
allowed to draw three counters at random. What is the value of his expectation ? 


SOLUTION, Expectati = nen, where Put 
n are probabilities of xn 3 2 pu n. pr^ 


4 20 
ol the expectation = ( 3 
са 
8 Paisa— 
ILEM 1225. There are ten counters in a bag, 6 of them worth 5|- 
other 4 are of equal but unknown value. If 1 from draw- 
ingle counter at random is 4|-, find the unknown value. 
- SOLUTION. Let the equal but unknown value of counters be x. 
en, the probability of drawing from the 6 counters of value 5/-=, and 
К lity of drawing from 4 counters is Ty 
Ё Value of the expectation—(5/- 6+ @/ * 
me value of the expectation is known to be 4]- 
5x6, 4x 
0 10 
or 4x = 10 
x= 2.5 


v 
PROBLEM 12.26. The expectation of the number of failures preceding 
d cer in an indefinite wt Of — trials, with constant probability 


* or Paisa 177.6—Rs. 1.776 


"i 


pof 
P 1d*p + 3q%p + EET. + Gene S 
SOLUTION. 
Trials 1 2 3 E T е 
Probability of 
_ Success 
. in this trial (p) р ap dp dp dp ФР 


No. of failures preceding 
the success in this trial (x) 0 Noe P 
Px o ap 20р Mp А? М? 


Шао: —=0+1ур--2д%р-Е34°р + Sept SP nn . 
Чы =@р(1 4294-3434 + 2 
d =| +24 £341 Fg?) - +. А 


а 3 j. 
y = +242 +3. e 
ad Lue 
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1—4 
1 1 
Wed ue 


. Е ү, гъ г Alepia. А 
dion E Р 


PROBLEM 1227. What is the mathematical expectation à 
points on 10 dice. : 


‘point on first die be ху, on sec 


SOLUTION. the number of 
on third die &. S HN die aod on 10th die ху. 
Lodges iiec c pi d i «TX 
Now, E()- ТЕ КӘ * . + Exo) 
=@х1)+(@х2) (4х3) + GX 4) + (x 5)+( 1x 6) 
21 E ; 
бих, d | 
- 1057 oss E 


411 


H хутар „81 
F TES OU 


[urn. йхєтх 4 LIXET y ихе pLi 4 йэш ++] 81. 
* L E O1 А 


OU "orxzt 9 ох ++-41Х91х1. + اپ‎ = 
TET pikes aT e ETT v б 


xs) 


re (Tet xs x1) + o+ (Эша xz) + (LE xt) + (3 -xo) *uonei2odxy3 *,' 


( XII XLT X80 
OIXI ''xL xg 
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OXZ '"L х8 OIXL xg 01x8 

speq ond 
2 444 m € z I 0 aq Zubo 
S[[Eq 49819 ЈО "ON 

DU +H xs (TL LVXST x 9r $t A 2 4L» ЗЕ -L x SL) or пеа 

O1 ^ V'*L rg]! P Se 1r * 9 * 4 1002 xg " ) (2 х 9, OI ou^ mo Sul ye} 
Jo 1111929014 

6 gcn MM £ [4 I Sen JO ‘ON 


‘NOLLNTOS 


"амер Sf IQ oi 
т WATHONd | 
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REVISIONAL PROBLEMS—12 


PROBLEM 12.29 (a) The probabiitv thata certain e 
was 1/10, and A, who is accurate іл 49 cases out of 50, said that it 
agrees with A stating that the event happened; B is accurate in а > 
What is the probability that it actually did occur ? 


(b) Suppose if C, who is accurate in 7 cases out of 10, 
event mentioned above happened, what is the probability that it happe! 
(Ans (a) 49]: 


PROBLEM 12.30. Five coins whose faces are marked 23 
What is the chance of obtaining a total of 12 ? 


PROBLEM 12.31. A and B throw one dice for a prize of Rs. 16 
to be won by the player who first throws six. If A has the first thro 
their respective expectations ? ] 

(Ans. A —Rs. 90 & B 

PROBLEM 12.32. (a) During war one ship in 10 was sunk on ti 
in making a certain voyage. What was the probability that at least 3 
convoy of 6 ships would arrive safely ? 


(b) Three houses of the same type were advertised to be let i 
Three men made separate applications for a house. What is the pi 


(i) that all the three made applications for the same house; 
(ii) that each of the three applied for a different house; and 


(iii) that two of them applied for the same house and the third 
the other houses ? 


(Ans. (a) 9. 18, 730 
(b) (i) 1/9 — 
di) y9 
(iii) 2/3) 

PROBLEM 12.33. Three newspapers A,B and C are 
certain City. It is estimated from a survey of the adult population: 
20% read A, 16% read B, 14% read C, 8% read both A and 

both A and C, 4% read both B and C, 2% read all dre What 


at least one of the ? Of least one, what 
DOR A gye these that read atleast on 1 
(Ans. 


PROBLEM 12.34. A, Band C in order lose a coin. The | 
throw a head wins. What are their respective chances to win ? 
(Ans. А=4[7: B= 2|1 
PROBLEM 12.35. There аге 10 tickets, 4 of which are blanks, 
being marked 1, 2, 3. 4, 5 and 6 respectively. Find the probability 
total of 6 in three trials, one ticket being drawn and replaced on € А 
PROBLEM 12.36. From a bag containing 200 black balls and Й 
balls, а ball is drawn at random. What is the probability that it will 


NEM ы ы 12.37. Two dice are rolled simultancously. 


(i) sixes appear on both of them; 
(ii) sixes appear on none of them ? d 
(Ans. 1[36 and 
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PROBLEM 12.38. There are two ways to enter a house and threc ways to 
ou. In how many ways can you enter and leave the house ? (Ans :6) 


PROBLEM 12.39. From a group of seven men and four ladies, а 
committee is to be formed. If there are to be six people on the committee, in 
bow many ways can the committee be $ 
(i) if there are to be exactly two ladies on the committee. 

ii) if the ladies on the committee. 
(ii) re are to be at least two ladies on ns 7 (i) 210; (i) 371) 


. PROBLEM 12.40. Eight students appear їп а class-test. There аге three 
pues ix the first three places. In how many ways can the prizes be dis- 


(Ans : 336) 


] 


Theoretical Frequency Distributions 


ч E 
Distributions which are not obtained by actual observation or experimer 


are mathematically deducted on certain assum tions are called theoretical freque 
distributions. х S oal 


e such distributions are of Special importance. Their equations are gi 


Binomial Distribution. The equation of this distribution is (p+-¢)" and in cha 
ters of probability its expansion has already been discussed and illustrated. 


Poisson Distribution. 'The equation of this distribution is 
m* T 
Р (x)= теи where m=np. 
Normal Distribution. "The equation of this distribution is 


1 х—Х)% 
fers e e— «с „where | 
€ is the base of natural logarithms and has value of 2.71828 and y m= 060. 


BINOMIAL DISTRIBUTION 


PROBLEM 13.1. Twelve coins are tossed. What are the probabilities ina 
tossing of getting (i) 9 or more heads, (ii) less than 3 heads, (iii) at least 8 heal 
gi 12 coins are tossed 4096 times, on how many occasions would you expect ihesi 

(iv) less than 3 heads, (v) at least 2 heads, (vi) exactly 6 heads ? 


ili i а f tail 
TB рше з ЛҮ А qd 
() Probability of getting 9 or more heads : 

„ „ „ „ l2heads-(yp!! 

» „ „ „II beads- C 63) 

" „ „* „ 10 heads "nC ot 

„ „ „ „ heads-—"C, % (4)? 
+ Probability of getting 9 or more heads (101412466 +220) 


> 
0.073. 
96 


(ii) Probability of getting O head (4 
" " m „ mit RETI) 
" ” » 2 , m MC. yt y? 


.'. Probability of getting less than 3 headsss(1)*[ 1--124-66) 


79 - 
2^ 00.019 
5 
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(iii) Probability of getting 9 ог more heads—0.073 
„ „ „ o» exactly 8 „ = De О 
” » m „ atleast 8 „ =0.073+0.1208 
=0.1938. 


(iv) If 12 coins are tossed 4096 times, Jess than 3 heads will appear 
4096 x m times—79 


W) The probability of getting O and 1 head is—-()--12xq)'*— 2056 


13 45 


Probability of getting at least two heads—1—1996 4096 


Te The number of occasions when at least two heads will appear in 4096 tosses 
coins 


4083 
==4096 х 4086063 


(vi) The probability of getting exactly Six heads ou 
=!С,х q-ray- 4096 


^. In 4096 tosses exactly six heads will come up in 24 
4096 X 406526 times. 


PROBLEM 132. Four dice are thrown and the number of sixes in each throw 

аге recorded. This is repeated 108 times. Write down the theoretical frequencies of O, 

2. J, апа 4 sixes. Calculate the mean number of sixes in each throw. 

SOLUTION. The probability of a six in the throw of a dice= 

A If 4 dice are thrown, the probability distribution is ex һу: 

FDC, q petes q* FCC pee 
— (625 ie 25: ( туж) usc) 
(29) +(* үе) H 6x ps) +( 4% 15560 (1286 

4 sixes in 108 trials is given by : 


Р(х) Theoretical frequency 
108 x P (=f 


Theoretical frequency of O, 1, 2, 3, 
Number of sixes 
(x) 


9 1296 12 


2 
4 125 41. 
1 34 x 
25 121 
2 216 1 
s 2 
j —-— 1-2 
3 32 3 
1 * 
É 
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Number of sixes in each throw :— 


fx 
0x 12 = 0 
Kx m = 5 
2х 5 = 25 
3x $ = 5 
4x D - A 
Mean number of sixes in each throw 8. 46 E. 


7 Зх ^3 


PROBLEM 133. Ina packet of flower seeds? are known to be pink f 
and the remainder are yellow. Calculate the probability of getting 0, I. A 


SOLUTION, The probahility of getting pink flowers g; and the 
of getting yellow flowers=1—(2)= 3. > ЕР 2 


= | n 

E 1700 of getting 0, 1, -6 pink flowers is given by t 

BNC DEH & ECAP, ay dtc dd 
729 


en 486 324 216 144 96 J 

= 15025 188625 715 ү5625--20 (HIS 1502-6 18628 T8823 
Ihe probabilities of getting 0, 1,......... 6 pink flowers аге 
729 2916 4860 4320 2160 576 64 
T5625" 15625 18625, 15627 15629 13525 "^d T3673 


In 250 rows the number of rows containing all pink flowers 
64 640 
= 15625 а =1 (approx). 


In 250 rows the number of TOWS containing all yellow flowers 


— 229 250 7299 
— ТА = "625 = 12 (approx) 
nd 
PROBLEM 134. A card was drawn from а pack of playing cards @ 
replaced and the pack ийа, This E ed ен times and the number. 5 7 
suit cards was noted. А г usand results were obtained in this way and are ge^ 
number of black cards is denoted by x. тй. 


ä 
2 8 4 116 2H 243 206 119 40 7 0 
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What distribution would be expected to apply ? Calculate the theoretical 
es and compare with the experimental frequencies. 4 


` SOLUTION. The number of black suit cards ina pack of 52 cards is 26. 
оге the probability of getting a black card is 3 

V! cards are drawn 10 times, the probability distribution is given by P (x)= 

М 

HC, % i£" C, Q)* C (hb DG”? 

The theoretical frequencies : 


PROBLEM 13.5. The following data, due to W. F. R. Weldon shows the 
lts of throwing 12 dice 2650 imos, fe of 4, 5 or 6 being called a success — 


F.27 
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Find the expected frequencies, and compare the actual mean and 
tion with those of the expected distribution. 

SOLUTION. The probability of a success 3 

The expected frequencies will be given by the B.D. 
4096 (1--3)!1—4096 (HHCH G) x *C, 0)! *(3*4-..... 


4096—(2)* 
12x1— 12 
66x1— 66 
220x1—220 
495 x 1—495 


569 : 
Mean =6+ 3096 =6.1 


1 E 
o= ~q (2 45 
. 12083 
7096 —4(0.139)* 
—2.9499— 0.0193 


Mean of the expected 
tion —np —12x4-6 $ 
deviation of the expected 
tion—4/npg-—4/12* 
V3 73 if 
PROBLEM 13.6 Assuming that 50% of the population of a to 


and assuming that 100 investigators each take 10 individuals to find out 1 
O investigators would you expect to report that three peo, 


SOLUTION. The probability of an individual taking tea or p=} 
As such =} 
We will have to raise a binomial 100 (13010 А 
Md б, кк ors who аге expected to report that 0,2 
N (gq!) +(N 10g°p)+N4Sq8p?)+1N12047p) 
— 100 , 1,000 , 4,500 , 12,000 
LOM TOD ion toa =!" 
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PROBLEM 13.7 An irregular six-faced die is thrown, and the — that 
Io throws it will give five even numbers is twice the expectation it will give 

even numbers. How many times in 10,000 sets of 10 throws would you expect й 
pre no even numbers? 


SOLUTION. Let the probability of getting an even number bep and 
of not getting 1—2—4 
“The probability distribution is given by (p+¢)"® 


“The probability of getting 5 even number 
E = a 4 „% „ Opt 


Now, MC ptg 22200 Nd 
10 x 9 X...... 108 
— 47 = mix EEE pe 
or $p—24 огбр=10(1—р) ог nin 
огр= and 4—1—1—3 
M there аге 1, sets of 10 throws, the binomial distribution will be 
$00—10000 (F e 
The probability of getting zero even numbers is 
"C. pet? x 1x (0.375)9—0.00005495 
^ Expected number of times when no even numbers are obtained 
=10,000 < 0.00005495=0.5495=1 (Approx). 
| PROBLEM 13.8 Find the avercge and variance in terms of p, 9. for the 
Кюл distribution. 
п! 
ШЕ эче зг бш 


pure these to the nearest whole number from the following data, and hence 
^ appropriate values of p, q, n. 


Фо чэ ON C^ awn]! БЈ 


[ 
$ 


420 Practical Problems in Statistics 


Mean =1 
an 
—1]08.11—1 
=8 
Now we know : 
np=10 ; npq—8 or np (1—p)=1 or np—np*=8 or 
or 10p=2 or p—1.*. q=1—p= $ 


*. п Ao or n=10 ; p=}, g and n—10 


PROBLEM 13.9. Derive expressions for the first four moments of the 
distribution. 


SOLUTION. The binomial distribution is given by the terms of ex 
of (g+p)®, where q--p—1. 


No. of successes (x) 0 1 2 J n Я 
Probability Р (x) an nC,qn3p nC,qm35? C.- dpd. ph 
(i) First moment about zero, or the mcan : Е 
bpp gj ГАР O ог EP W= 
Ex P (x)—0 % x nCyg™4p-+2 x nC,gn-p?-4-3 x Cg e- TI | 
=0-Н xag! p-2 x Rab 27873 "0 n=?) quM 


D 
=np ber -e eee ee, 
=np (q+p)®=np 

2. у= Меап=ир. 
(ii) Second moment about zero. 
1 
ô= yp) 79 PO) ES Р (х) 


—Ex(—1)xnCan-px for * -x 
x -D y y C 


HE 
==. px -D. n—x-1) n (-D 
praes x(—1) (—2)..2x14 "P t Z** ^y G1). 271 
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„e (DPC, ee np EFC, quà? 
и (n—1) p? (q--p*3--np (a+ p)1=n (n—1) hi 


(iti) Third moment about zero. 


Im 3 2P (x)— x? Р(х) 


PED (x (х—1) (х—2)--3х G -A NC for ха I) G R 
(х—1)+х 


n (n—1)......(n—x X 1) + E3x (x—1) 


x (x—1) (0—2)... 


n (n—D)...(1—3x11) ana xt x n (n—V. (3D mp 


x (x—1)...2x1 x (x—1)...... x 


AEN (x—1) (x—2)* 


=n (n—1) (n—2) p* Z Se an ex. ü +3(п—1)р 
(п—1)..... De- 


(п—2)...(п—х--1) un 
tay. €? E U 


=n (n—1) (1—2)p* hin 0 (13-9 *-np(q py? 
=n (n—1) (n—2)p? --3n(n— Dp FP 
(iv) Fourth moment about zero : 
= pk ХУ хир (ху= X x'P(x) 


BSE px 1) (х—2) (х3) x(—1) (х—2) +7 (21) Cg PX 
for x*ex(x—1) (x—2) (x—3)--6x (х—1) (х—2)+1х (к—1)+х 


( 1 
—n(n—1)(n—2)(n—3)pn X (n—4A)......! nxt ) хрх 


+6n (n—1) (п—2)р E SEE 2 eS D tps 


(x3) cree renee 3x2x 


Hn * 


(n—1)......(n—x4-1) 
Eo лас E 7 


=щл—1) (n—2) (13) pf-Hóm (n—1) (1—2) ph Tale) pro 


(у) Moments about Mean: 
142:0,—5,*— nii —1) Bp -= 
=np—np*—np (1—р) 
=npa ^ 
һ=$,—35,5, 4282 
| 0-1) (n 2)рэ зии Dpt--np—3np [л(л—1)р ИРЕ PS 
| Ln Gr 3n) png nt ph Tan PTP 


422 Practical Problems in Statistics 


| =2лрї%—3ар?14-яр=2пр}—2лр%—лр%-+-лр 
=2 (p—1)—np (p—1) 
=npq—Lap'q 


=npq (1—2p)-npq (q—p) 
Ba 775.745,53: -65,16,— 35, 

=[n (n—1) (0—2) (n—3) p*-I-6n (n—1) (n—2) p3 7n (n—1) 

—4np [n(n—1) (n—2)]pA--3n (n—1) p*--np)-- 6n*p*[ n(n—1) 

==[(л*—6я?+4-11л%+-6л) p*-H-)6n8 —18n*--121)p3 --(7n* —7n) 

(40 — 12n* 4-82*) p*--(12n1—12n*) рз --4n*p*]--((6*—6n8) 

=(3n"pt --6np*) -K(—6n1p&-- 12np) -(31p*—7rp*)--np. 

= прі (3и—6)+-лра (—6n-i-12)--np! (3n—7)4-np 

=3np* (n—2}—np* (n—2)--np* (3n —6)--np—np* 

= 3np* (п—2)— бира (n—2)--3np* (n—2)--np (1—p) 

=3np*(n—2) e ett (1—р) 

=3n (n—2) p* (p—1)*-+-np (1—p)—3n (n—2)p*  4*-npq 

=3 pq — npg --rpq= 3n*p*q?-+-npq (1—6p4) TÉ 


PROBLEM 13.10. Show that if two symmetrical binomial 
e n (and of the same number of observations) are so superseded 
the one coincides with the (r-+-1) the term of the other, the dist 
adding superseded terms is a symmetrical binomial of degree (n--1). 
SOLUTION. Let the first distribution be N= (Y. f. and! 
tribution with the same number of observations be N=N (449° _ 


(For the symmetrical binomial distribution p=q=4). 
The terms of the first and second distribution are given by : 


First distribution—N—N (= ESO 25 сга EE E -— 
Second distribution—N=N (ж +C, A -pnC, E +C; Ju 
. CU x Te 

The distribution formed by adding superseded terms is: 2N: 

gi HEUER) EC асрн... HOC Hacr- AJ 


Now Cr} MOD 072) f 5 


n (n—1) (1—2)...... (n—r4-1) 
F = | / 
(WD). т (и)... (иг) _ „а 
Ертас hee 

D к=} [1109 C, 48 C, E. pH Cua pene HE 


or Nee PC тыс, р аиса. 
_ or N=N Gy 


This is a symmetrical binomial distribution of degree (u). 
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POISSON DISTRIBUTION 
PROBLEM 13.11. A skilled typist, on routine work, a record of mistakes 
made per day during 300 working days. zd - 
Maler per day 0 1 42. а 13 6 
Ns. of days 13 , М. N ^1 


Compare the frequencies of the Poisson series which hus the same total feeqwemcy 
gad mean as the above distribution. 


SOLUTION. Calculation of the mean : 
o — 


Mistakes per day 
(х) 


„ Mean=m=0.89 
The Poisson distribution is P. (e r em = omen, 


РНИ" 04107 = 

1 SP) 800.89 x 04107 —0.3655 v 
2 Ga. — 98 0.3655 —0.1626 - 
| ) QU.» 09 oio оф e 
4 I -989 колма? —0.0107 : 
| 22 холо =0.0019 4 


ET "= SP 00049. =00003 
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PROBLEM 13.12. Assuming that the average number of def 
certain manufacturing process is 3% find the theoretical frequency 
with 0, 1, 2, 3......defectives. 


SOLUTION. page n—50 . m5 


The Poisson distribution is given by P (x) = "> em 


xt 


The probability of a sample with 0 defective 


» » » » 1 " 

” » » 3 2 » 

* ” * » 3 

E » » » 4 ” 

» » » » 5 » 

è 
» ” ie » 6 » 
ens 

» » » ” 7 » ! 


lf there were hundred samples of fifty each, T theoretical 
0, 1, 2...... defectives would be 22.3, 33.5, 251, 12.6. 4.7, 1.4 and 0. 


PROBLEM 13.13. Assuming that one in 80 births isa case of 
the probability of two or more sets of twins in a certain town on a day 
occur. Compare the results obtained by using (i) the binomial series and 


approximation. 
SOLUTION. (i) By using the binomial series : 
The probability of a set of twins =b 
Hence the binomial expansion is given by ( dy Hp : 
Probability of getting Ө set of twins —(244"—0.9875)3° 
Probability of getting | set of twins —3 FB" 0% 
=30 x (0. 987500 x (0.0125) 
Calculation : 
108(0.9875)30- 30 Іор (0.9875) 30 x 1.9945— 1.8350 | 
5#{30-4-(0.9875)у%9--(0.0125))1ов 304-29 log (0.9875)-+log 0:0125 
=1.4771-+-1,8405-+3,0969=1.4145 


Probability of getting (у) set of twins Anti log I. 83500 
* ” ” » 1 » СА —Anti log Т.4143 
» ” ” » less than 2 a „ — 7-0.6839-1-0.258 
» * » two or more sets of twins —1—0.9436 


и ی‎ 
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` (ii) By using Poisson's approximation : 
Я ^ : EET 
Poisson's approximation is Tet» where т=лр. 
Now 1—30 and p— is т=пр =$=0.375 
E : ‚з 03795 E 
Probability of getting 0 set of twins "yp _ 315م‎ e- 5 =0.6873 
1 
2 39! mco 31540581 
0.2577 
„ less than 2 sets of twins =0,6875-+0.2577=0.9450 
,, at least 2 sets of twins—1—0.9450=.055 


» » » 1 » 


PROBLEM 13.14. Ifthe average number of Tees in the manufacture of д 
certain article is 4%, what are the probabilities of 0, 1,2, 3, 4. rejects in а e of 
10 articles taken at random ? 


SOLUTION. — n=10 у. т=пр=04 


No. of Rejects ро) Irem 


А (007 e A21 X0.6703 70.610 
7 22 „10.4 6705 0 2681 
А oat 240,08 x 0.6103 =0.0536 
+ o 2.40.1065 x 0.6703 =0.0071 
Ў (Q4 -4——0.01065 x0.6703 =0.0007 
are 0.6703, 0.2681, 0.0536, 0.0071, 


The probabilities of 0, 1, 2» 3 and 4 rejects 
and 0,0007 respectively. К 


PROBLEM 13.15. Fit a Poisson 


Deaths 0 
Frequency 122 60 15 


and calculate the theoretical frequencies. 
SOLUTION. 
Mean of the distribution— 


n (122 x0)-4(60 x DES X2: 2x 34-0 x == 
12:4604-15- 24! 


Poisson's equation is 


"s distribution to the set of observations :— 


3 
23 


SE Q5 
em € 


P (x)= 7r 
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Theoretical frequencies— Theoretical Frequency. 
jo 
9 Death or P(j- Hesi xes = г IM 
GE SES > 
1 Death or Р(у)= ansa x .61 = 305 —.305 200 


2 
2 Death or Р) e.s i 305 = .07625=,07625x200=} 
Similarly for 3 deaths the frequency will be — 2 


and for 4 deaths the frequency will be E 0 


SOLUTION. 5--.005,5—100 .. т=0.5 


х 
The Poisson distribution is P (х) tus е-5 


x! 
The probability of a carton free from defective articles (o) 
9 
=j =f 


The probability of a carton with one defectives Р (1) 
14.00 E 

me 5 0.303 

The probability of a carton with 2 or more defectives 
1—0,6065=0.30325 
1—0.90975=0.09025 
Therefore the Proportion of cartons free from defective articles is 60.65% 

with 2 or more defectives is 9% (approx). 


PROBLEM 13.17, In a certain factory turning razor blades there із a smo 
chance pho Jor any blade to be defective. The blades are supplied in packets of Il 


Use Poisson's distribution to calculate the approximate number of packets cont 


| 10, fete defective and two defective blades respectively in a. consignment 
SOLUTION, 
1 10 
Y d and n=10 ~. m 300 — 02 
Poisson's distribution is given by 


„ (02 .02 
Р (х) 71 us хте 
Probability of 0 defectives is 
ч 
Рд LOD eas ооу 


Hence the theoretical frequency for 0 defectives 9802 ~ 10,000-- 9802 
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Similarly the theoretical frequency for 1 defective 


=| 0 x 10,00 =196 and 
for 2 defectives 
[Gm шн x 10,000 = 


trials for ап event of small 


PROBLEM 13.18. In 1,000 extensive sets of 
proved to be 


probability the frequencies fi of the numbers xi of success 
x 0 I 2 За PA 
f: 305 365 210 80 28 2 2 1 


. Show that the mean number of successes is 1.2, aud. find out the frequencies of the 
Poissonian distribution with the same mean and the same total frequency. 


SOLUTION. Calculation of the mean : 


кю ojx‏ ظ ي ې ي 


— — 
„„ Mean—m-—]1.2 


12x 
The Poissonian distribution is given by PO Af 1:2 


Hence the theoretical frequencies аге + 


x 

ола 1 x 0.3012— 0.3012 301.2‏ ا 
e? 1.20 3012—0.3614 361.2‏ 14 ! 
ene 0.6 80.3614 0.2168 216.8‏ : 
en. 0.4 «0.2168 0.0867 86.7‏ ? 
LE e-) 20,3 > 0,0867-—0.0260 26.0‏ 4 
чн ¢-1.2. 0.24 x 0.0260. 0.0062 6.2‏ ? 
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6 L2 1120200020012 12 
т E eco 17%0,0012=0.0002 02 


PROBLEM 13.19, The numbers of deaths from cane: 
sland were recorded each month ine peri Н оу dea r^ 

S 
2043260402 
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PROBLEM 13.20, From records of the Prussian army hepi over 
= — obtained ihe mite of dre LT 


ermine the mean gad 
Namber of deaths per Frequem y of occurreue 
army corps per annum 
0 m 
n és 
| 3 
3 
4 i 
Towi XW 
x 
SOLUTION. The mean HLA x 1 


E EL 
The Poisson distribution is given ty P (=) теч 
1с this example Р(х) — 2. 
rozi xeos osi = + Vat n 


=1—0.61000-+-0.18605—0.03783-+-0.00577—0.0070 40.0007 
=1.19189—0.64853=.54340. 


P(,)—0.61 х „5434 =.3315 
(0.61)? 3315 x.61 

P) Ts × 544 = =.1011 
_ (0.61) 1011 х.61 

OO ам А = 0206‏ درم 

N= err, 544 = 9206 x.) =0031 


lop; Theoretical frequencies are 200x(.5434, 3315, 1011, .0206,0031)= 
68, 66.30, 20.22, 4.12, 0:62. 

Poissonian frequencies in whole numbers are : 109, 66, 20, 4, 1. 

PROBLEM 1321. A car hire firm has two cars, which it. hires out day by day. 


number of demands for a car on each day is distributed as a Poisson i 
with mean 1.5 


Calculate the proportion of days on which neither car is used, and the proportion 
of days on which some demand is refused. 2 
Jf each car is used an «equal. amount, on what proportion, of days is one 

ars not in use ? What proportion of demands has to be refused ? 


SOLUTION. The distribution of the number of demands is given by 


Р(х) = LI eas 
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Demands per day Proportion of days 
x " Р(х) 
0 1 xe-1-5 =0.2231 | 
1 1.5 00.2231 0.3346 
2 X x 0.3346 —0.2510 | 
| 
3 4s 0 2810 0.1525 
4 1З x0.1255 0 0471 
5 E x0041 00141 
1.5 
6 g Х00141 00035 
1.5 
7 7 0.0035 0.0008 


(i) Proportion of days on which neither car is used —0 2231 

(ii) Proportion of days on which some demand is refused 
—1—(0.2231-1-0.3346--0.2510) 
=1—(0.8087=-0.1913 


(ii) Proportion, of days on which only one car is demanded—0.3346 
Since each car is used an equal amount, proportion of days on 
which only one of the cars is not in use E0336. 9.1673 


2 

da 

1 

1 

2 

3 

4 

5 

6 

7 
Proportion of demands refused — 1004 =0.1862. 


en 
PROBLEM 1322, Obtain the valies of the first four moments about (a) ff 
) mean for the Poisson Distribution, 
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SOLUTION. If the value be xi and frequency fi, the moments are given by : 


51 LZ fixi ex е. م2‎ =0 


$e Дам? m=i Ей GE 
iy Df ia 


з= Ef 

ê= „fu. 

— 25 
oisson Distribution is P (x) — S 


(ea) Calculation of the first moment about origin or of the means: 


; E successes 0 1 2 3 ERA 
2 
/ Le-m D em уте" m em 77 em... 
E P (x)—1.em4- LT em + It emt... e 


- (1+ F nr EE -) 
em хет:з | 


т 


1 ҮЗ 16 2 XY T eam 3? Ti "б em 4 5 


=Me-m (o m Dt 2 —mnxemxem 


ve : mo ZxP(). "= 
-. Mean of the Poisson Distribution= EP GYI 


_ (b) Calculation of the second moment about zero. 


3P (x)=0-4 12 x u тирае. oa ad 1 1624 m 


[6 т-| LI 
E. FE ^ mx 
Dem v 7 


Now х®=х(х—1 у+х 


аы 1 хо) EE I- e eben ff 


pt me 
ib (х—1) zm т? "FEX Jor i =e m [z2 DT n 01 ] 


2 
em? x e-m- 4- Мет E 
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(c) Third moment about zero : 
8 x P (x)-04-13x D em т empa h EMA 
m* 
Ten T * 
Now x*—x (x—1) (x—2)4-3x (x—1)4-x 
dz em [x (x—1) (x—2)+3x (x—1) +2) a 


БЕТЕ ЕЕ 


m* ax 22 
: [z =n toD +2 Got 1 


тх-3 х-2 x4 
=е-т ( = тт y +т® Em) 
= em [mem mem- mem] 
=т?--3т+т. 


(d) Fourth moment about zero : 
З= E xP (x)=0+14 T em--2 2 em--3 Jem "e 
тх 
= am 
Now x*—x (x—1) (x—2) (x—3)2-6x (x—1) (x—2)+7x (x—1)--X 


m 
дает (x (х—1) (х—2) (x—3)H-6x (x—1) (x—2)+7x (х—1)+Х bns 


=em (z xo) CD Dy $2 OD Gg 
ZEGD u 
m* 6 7m? mts 
- (eS. esr c ) r 
mx-A 3 m*- 
sem (mt n Nen у-ү mig. t" gy 
Sem [nen HGH --77m*em-|- теті 
=r E Ame т 
(e) Moments about mean: 


We know that : 44—8,—5,* 
H47205—30,0,2-28,* f 848182 60,104 80," 
Second moment about mean hi- =m 
«Third — „ EE =тё--3п?-Ет—3т(л--т)4-2лй=т 
<. Fourth „ „ „ ne Imm) HAmQr m +m) 
-F6m*(m*-l-m)—3nt-—3m*4- m. 
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PROBLEM 13.23. Show that the fourth moment about the mean for the Poisson 
em ( 4T LÁ T ) is ml NA 
Веке compute the fourth moment of the following Poisson series. 


x 0 1 2 3 4 5 6 Total 
Frequency 54.335 33.145 10.110 2.050 0.315 0.040 0.005 100 
SOLUTION. 


* 
0 
1 
2 
3 
4 
5 
6 


61.005 
100 


Ia m(1--3)—0.61005 (11.830150. 726 


PROBLEM 13.24. Obtain the two beta co-efficients for the binomial and the 
n distributions. 


* х=т = —0.61005 


SOLUTION. we know that B= and Baz + 


(i) For the Binomial distribution 
Ha—npq, E npd (q—p) and H4=3n*p*g?+ npa(1—6pa) 


$ 2 (а—р)_ (q—p* 
pA. npd 

p= -g , 1—6pg 
йрй = сс 


(ii) For the Poisson distribution: 
Ham, рут and p4—3m*--m 
Bm. = and رم‎ З" ca 
NORMAL DISTRIBUTION 
uem, roni e s ET i fot e 


12 3 475 ¶—m:ů тор 
eny — 7 60 198 430 731 948 847 536 257 71 11 — 4096 
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SOLUTION. Calculation of the mean and standard deviation : 


1 
— —6 0 


Mean —64- xs —6.139 


ots p —(0.139)2—2.9499.—0.0193 


22.9306 01.71 
The equation of the normal curve is :— 


N 1 " 
YO N 508 0-3) 
on substituting the values we have : 


4096 1 
IN Jit FREI (6.10 


eds the freq encies of the normal distr 
70 samê mean, sta deviation T 10141 frequency as the distribu 


x: — 6 70. —  80— ق‎  90— 95—008 
EET 21 1505003985 11326 135 26 4 


SOLUTION, First, we have to calculate the mean and the standard 


We find that the mean is ¥=79.945 and the S. D. or 8.445 
Next we calculate the frequencies : 


1 Since the norma] di À 3 1e 0 
_Feplaced by — æ and the upper mi lee. from о to- oe, the lo 
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(5) 
‘ol. 4) x 1000 


65 —79.945 
RED OR: 


| 95— 7.945 
(ш) ruis 1.826 өш) B 276 
(i) Brus 45 оов Oel. (3). From Tables 
60 W -a om Col. (4). ву subtract 


Arta between —cc and 65--1.0000—0.9969=0031. 
Area between 65 and 70—0.9969—0.9661—0.0308 
PROBLEM 13.27. Fita normal frequency curve to the following distribution : 


! d0— ر‎ we 16—  18— 20— 22— 24— %— Тиш 
J 106 206 272 =1000 
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Calculation : 


Со]. ) () se — 


(й) 12—19.14 2.4706 (уй 
(ii) Ip —17785 (vii) 


(у 26-1914 —1.0865 (ий) 


(ix) 


Col. (3) From Tables 1 p 
Col. (4) Area between and 12=:1.0000—0.9932=.0068 
PROBLEM 13.28. Assume the mean height of soldiers to 


variance of 10.8 (іп). How many soldiers іп а regiment of 1000. 
be over six feet tall ? 


SOLUTION. x=68.22 and 0?—10.8,0—3.286 
The standardised deviation 

cx nan 
F E 
15 68 
Area between x—0 and ¥=1,15 in the standard normal dist 
2. Area to the right of ordinate at 1.15—0:5—0.3746—0'L 
The probability that a soldier is taller than 6.0.1254 

In a regiment of 1,000 soldiers, the expected frequency=1000 
—125.4—125 soldiers. ‘ 


PROBLEM 13.9. Calculate the ordinates of the binomial 
and compare them with. those of the normal curve. 


SOLUTION. The binomial is 1024 „(% ү: 
—1024 gl, IC HC ee UEC toe HD 


The ordinates of the binomial are 1, 19C,, 1°С,„,...1°С,......1 
21010527 2107120) 45/10. 17... ccn 


fi 3.162 —1,581 E 
4231 А 


The equation of the normal where means and =. 581 is 


1024 
= puru “С 


(ii) 


Standard deviation 


PROBLEM 13.30. The mean of a normal frequency distribution o; 1000 items 
5, (ii) 21, 


d 25 and its standard deviation 2.5 Find the ordinates of the curve at (i) 
(il) 19.5, (iv) 32 without using tables. What is the maximam ordinate ? 


SOLUTION. The equation of the normal curve. 


1000 (х-25)2 
YES e ES 


=0.833 


20. 1.280. 
“725 ° 0.2770 


3025 „2.42 
e. ту © 0.0889 


8.920.198 


42 
eq S 
maximum ordinate will be for x—25 
1000 1000 
or m = 2 V 
y max = 5 Vim p= 2.5 2т 


400 
= = i = 159,56 
Ja 400 x 0.3989—1 
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PROBLEM 1331. Jftwo normal populations have the same total 
the с of one is k times that of the other, show that the ma ximum frequency of the 


is Lune, of that of the other. 


1 

SOLUTION. Letthe total frequency ofthe first population be № 

standard deviation o, 

The total frequency of the second population wili be N and its 
* : 

1 


N 
& 
and the second normal distribution is given by: 
CEN ках? 
M TV T a 


In a normal distribution the maximum frequency corresponds to that 
the variate which is equal to mean value, i.e., xm 


For the first distribution: 


= N o_ LN 
EN tex 
For the second distribution: 
22 0 kN 
y max ANT Sa a Te 


i.e., the maximum frequency of the first is + times the maximum frequency 
the second. 


BEEN 13.32. Show that the ordinates y (0), Y. ©), » Qo) y (30) at d 
1 
c, 20, 30 are v2 Є "reri 5 aJ P 
SOLUTION. The normal distribution is given by : 


1 x? 
dod ZU m 75 


7427 
1 o? 1 E 
ĩð O сут 10 ойт 
х=20 у Qe) = 


1 4o? e “ жуй | 
5 2 e 2087 01/2 ШШ Y 


9a* EE : Н 


1 
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PROBLEM 13.33. A hundred squash balls are tested Yo m a height 
ntimetres and measuring the of bounce. А s+ 4 above 
(res. The average height of bounce was 30 centimetres the standard 


d centimetres. What is the chance of getting a *fast' standard ball ? 


ION. If the mean 
the standard deviation 
é probability of getting 


ll is given by the proba- 
the variate falling to the 


Р , 32—30 8 
Of the ordinate 34 7 
ru. 30 32 
From the table the area between the mean and x=2.67 and standardised nor- 
il distribution is 0.4962. 

The probability that the value will be greater than 32=0.5—0.4962=0.0038. 
PROBLEM 13.34. Sacks of ‘grain packed by an automatic machine loader have 
{ 1 


Weight of 114 kgs. is jound that 109% of the bags are over 116 kgs. 
"Standard deviation. 


SOLUTION. The pro- 
П of bags over 116 kgs. 


* The proportion of 
between 114 kgs. and 04 


б=0.4 
Z 


WE 
rom the table the ordinate for which the area between mean and it is 0.4 is 


116—114 


с 


ROBLEM 13.35. istribution, exactly normal, 7% of the items are under 
are e Evo pus and Standard deviation of the 


s ‘ 
=1.2837 or o=- 2637 =1.56 


SOLUTION. The percentage of items 
*=35 and x=(50—7)%=43% 


From the table 35 E 63 


_ When the percentage of items is 43, the ordinate is 1.4757 
# When the percentage of items is 39, the ordinate is 1.2263 
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Therefore, we have 
353514781, or F35=1.47570 


ex 1.2263, or 63—x--1.2263e 


By pit: (i) and (ii), we have : 
28—2.7020 сог 9 — 27 10.36 
351.4757 x 10.36 or 3——354-15.288—50.3 ^a 


PROBLEM 13.36. The following table gives frequencies 
5 limits : ; 


© Манае (x) эй 
Less than 40 3 
40 or more but less than 50 


50 and more 
Total 


The distribution is exactly normal. Find the average and 
x, and hence the frequency between x—30 and x=40 and betw. 


SOLUTION. (1) Area between the ordinates 40 anf x 


=(50-—30)%=20% 
; E 
Area between the " 
ordinates 50 and X d 
==(50—37)% 


23% 
From the table 


For the proportion of area 0.20, >= 


For the proportion of area 0.13, = —0.3318 


30.0.5244, or ¥—40=0.52440 


30-038, or 50—¥=0.33180 


Adding equations (i) and (її) 
10=0.8562¢ or о =11.68 


and g 0.5244 ог ¥= 40--6.12—46.1 
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(î) The normal distribution has 46.1 as mean and 11.68 a standard deviation. 
Now the frequency between the mean and ordinate 40 is 2096 and the frequency 


Ae я 
between mean mE I and mean is equal to 41.62%—From table. 


s. Frequency between х==30 and x=40 is equal to (41.62-20), 


Frequency between the mean and x=50=13% 


(0 —46.1 
11.68 
2. frequency between x= 50 and x—60—(38.3—131)96225.3 
PROBLEM 13.37. The mean ofa normal distribution is 50 and the standard 

deviation is 12.5. Calculate the 60th, 65th, 85th, Orii and 95th percentiles, 

8 SOLUTION. We know that 99 percentiles divide the area into 100 equal 

| parts. 

The standardised normal distribution will have the variate T2 


“and =1.19 is 38.3%—From table 


50% 60% 65% 
Now, in the adjoining diagram : 
Area between the 50th and 60th percentile =0.10 
Area between the 50th and 65th peicentile =0.15 
Area between the 50th and 85th percentile =0.35 
Area between the 50th and 90th percentile =0.40 
Area between the Soth and 95th percentile =0.45 


From the table we find : 


the standardised deviate for which the aten is 0. 
Area is 0.0987 is 0.25 .:. the standardised deviate for wh 


x—50 
ч 25 
The 60th percentile is 53.178 (approx). 


1026 is 0.26 and for which the 
ich the arca is 0.1 is 0.2545 


=0,2543 ог x250--3.178 


S e 
Similarly the 65th percentile is x =0.385 


12. 
OF ¥=50-4-4.812=54.812 (approx). 
—5 
The 85th. percentile is . 


12.5 
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or x —50--12.950—.62.950 (approx). 


The 90th percentile : 0 2:129 +. x2250-H16.12—66.12 (approx.) 


—50 а x 
The 95th percentile : 2з =1.645 or x—50--20.32—70.32 (approx.) 


PROBLEM 1338. A normal distribution has mean 5 and standard deviationd, 
What is the probability that the deviation from the mean of an item raken at fû 


will have a negative value ? 


SOLUTION. The normal distribution is given by 


| I وا‎ 
PEDE qe ed е ҮСЕМ 


Deviation from the mean 
will have а negative value 
when the number lies to the 
left of the ordinate at zero, 

Here, a=3 and X55 
and х=0 


а 3 
0 ‚5 
Area between the mean ordinate and—1.67 =0.4525 
Area to the left of the mean ordinate =0.5 


==0.5—0:452# 
==.0475 


Therefore, the probability that the deviation from the mean of an item takt 
at random will have а negative value=0,0475, 


Area to the left of the ordinate at 0 


PROBLEM 13.39. Find rese. that an item drawn at random frons 
normal distribution with mean 5 and standard deviation 3 will be between 


(i) 2.75 and 4.34 ; 
(ii) — 1.24 and 1.37, 
(iii) 3.74 and 6.8. 


.SOLUTION. (i) The pro- 
bability is given by the shaded 
area in the adjoining figure. 


757 434 5 
In the standardised normal distribution with mean 0, the d 
given by : 
х= 2,575 -243 


— 


кү T 1 


eviate 2.57 vilh 


= —0.8! 


and the deviate 4.34 will be given by : 
х—Х 4.34—5 -0.66 


ae ош —0.22 


3 
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Proportion of area between 0 and —0.812-0.2910 —from table 
Proportion of area between 0 and —0.22=0.0871 rom table 
Proportion of area between—0.81 and —4.22-0.2910—0.0871 =0.2039 


Required Probability 
2:0.2039 


_ (ii) The probability is 

fren by the shaded area in 

the adjoining figure. “128° (37 5 
In the standardised normal distribution, the deviate—1.24 will be given by 


E. —13—5. 6245308 


3 3 
and the deviate 1.37 will be given by 


The proportion of area between o and —2,08=0.4812 IL table 
The proportion of area between o and I. 210.3869 
^. The proportion of area between 2.08 and—1.212:0.4812— 0.3869 
20.0943 


^ Required Probability 
70.0943 
(iii) The probability 


is given by the shaded 
area in the figure. 


3H тей 
In the standardised normal distribution, the deviate 3.74 is given by : 


~ Гезе و‎ 
X—X کے‎ — = =06 
TIT Er 
2 
Proportion of area between о and a 5 zs ren E 
Proportion of area between о and 1 ‚16284-02257 
Proportion of area between —9.42 and 0. 6 89355 


The probability 0.3885. 


REVISIONAL PROBLEMS—13 


, PROBLEM 13.49, Eight coins are thrown simultaneously. 
Obtaining) at least 6 heads (ii) no head (iii) all heads 


LASS 1 EL 
( Ans : (i) A (i) Be ЕЗ, 
і 


Find the chance of 
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PROBLEM 1341. Take 109 sets of 10 tosses of an unbiased (perfect) gg 
In how many cases do you expect to get (a) 7 heads and 3 tails, and (b) 7 


at least. ү 
( Ans. : (Р 12 GU] 


PROBLEM 13.42. The mean of a binomial distribution is 20, and й 
standard deviation is 4. Calculate n, p and q. a 
(4-52 : i100, pel «= | 


PROBLEM 13.43. A systematic sample of 100 pages was taken from the cas 
€ se Oxford dictionary and the observed frequency distribution of foreign words 
page was found to be as follows : 


No. of foreign words per page 0 1 2 3 4 
Frequency 12 7 4 1 1 


Calculate the data by a Poisson distribution. 
0 1 2 3 4 5 6} 
(Au 3114 3677 182 60 1.5 030 0005 


PROBLEM 1344 In a certain factory turning out razor blades there 
small chance. 3550 for any blade to be defective. The blades are in packet of 10 Û 
Poisson distribution to calculate the approximate number of packets contalı 
defective, one defective and two defective blades respectively in a. consignmen 


1000 packets. 
= (Ans : N (po)=9802 ; N (p,)&196 ; N(p 


PROBLEM 13.45. Suppose that a doorway being constructed is to be used bya 
class of people whose heights are normally distributed with mean 170 centimetresss 
standard deviation 3centimetres, How much high the doorway should be with 
causing more than 25% of the people to bump their heads. If the height of the dà 
may be fixed at 176 centimetres, how many persons out of 5,000 are expected! 
bump their heads ? 

(Aus.: 167.5 ; 2386р 


PROBLEM 1346. Mean and standard deviation of chest measurements 
1,200 soldiers аге 85 cms. and 5 cms. respectively. How many of them are expe 
to have their chest measurements exceeding 95 cms., assuming the measuremen 
follow the normal pattern ? 


PROBLEM 1347. The scores made by candidates in a certain 
normally distributed with mean 500 and standard deviation 100. What ty 
candidates receive scores (i) less than 400, (ii) between 400 and м 


standard normal distribution Z-— 3 the area under the curve between 4 


and Z l is 0.34134. F 169 
| (Ans. : (i) 15.87% (QD 
PROBLEM 1348. Calculate the frequencies of the normal distributi i 
has the same mean, standard deviation and total frequency as the distribu 
below for the intervals 60—65, 65—70 etc. 95- 
Xx 601—  65— 70— 75— 80— 85 90 — 4 
اور‎ ND GS n6 13 -26 : 296; A 
(Als. : 3.15 30.8 ; 148.0 ; 322.2 ; 319.5 : 144.0 ; 2?! Я 
PROBLEM 1349. 17 20% of the bolts produced by a machine are Cor 
determine the probability that out of 4 Бон озеп at random (а) 1, (0) 0 
most 2 bolts will be de fective. 6 (c) - 
(Aus. : (а) 4996 (b) 409 0 
PROBLEM 13,50. The probability of a bomb hitting a target age, 
bombs are enough to de stroy a bridge. If six bombs are aimed at the base 


the probability that the bridge is destroyed. q Ans. 102% 


q 


fampling of Attributes— 


large Samples M 


In dealing with problems of sampling we have chosen to distinguish between 
Attributes and Variables, and between large samples and small samples. Besides 
these we have presumed that in practically all these problems conditions of Simple 
— hold good. By simple sampling is meant such random sampling in 
which each event has an equal chance of success and the chances of success of 
fous events are independent, and not affected by previous trials. 

In this chapter two types of problems have been solved. 

(1) Calculation of Standard Deviation. Two formulae have been used for 
og purpose. For calculating о of numbers, the formula used is o= WII and 
or calculating с of proportion, the formula used is 


— 


E By these two methods we have studied the significance of the difference be- 
cw theory and practice and the problem of setting Д 
5 been presumed that practically all the cases іп а normal distribution would be 


= been presumed that if the difference is more than 3 times its 5 
ror it is significant otherwise it could have arisen due to fluctuations 


Here we have made use of the following three types of pO 
ar. (4) In those problems in which the presumption is that the p боо 
is the material from which two samples have been drawn and, Le. py7psthe 
Mandard error of the difference or 


1 1 
ا‎ Po do mi "m ] 


(6) I is not equal to d nd resent the true value of the 
4 pand p; a рә rep! 
Proportion of A's in the two samples respectively then the 


714 Pete 
у.е. 12 EI . 
s in the 
(c) Ifp,and p. are not equal but represent the true values of A's in the 
wen samples SEED and if As not compared with рә but Po» 1€» the propor 
n of A's in the two samples together then 
Pado 2 


* 
EDT s npn. My 
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STANDARD DEVIATION (OF NUMBERS) 


PROBLEM 14.1. A dieis tossed 960 times and it falls with б 
times. Is the die biased ? 1 
SOLUTION. On the null hypothesis the chance of getting a 6 


Therefore np —960 x } = 160. 
and the standard error or 


o V = 90 x — x= 11.84 


a 
ا‎ 


› 
The actual difference between observed and expected results is (ЇЙ 
2d, and it is 2.1 times the standard error. Hence, theoretically such aX 
could have arisen due to sampling fluctuations as it is less tham | 
standard error, 
At 5% level of significance the hypothesis would have to be rejected 
the difference is more than 1.96 times the standard error, and we sha 
conclude that the die is biased. 
Yet another way of looking at the problem is that the probability } 
such a result due to chance is .03 or 3%. Hence, at 575 level the hypol 
to be rejected and the conclusion drawn that the die is bi | 
level of significance the conclusion would be reverse. Usually results 
at 5% level of significance. 


PROBLEM 14.2. A coin is tossed 400 times and it turns, up 
times. Discuss whether the coin may be an unbiased one, and explaint 
theoretical principles you would use for this purposc. 4 

SOLUTION. If the coin is unbiased, the chance that it will 
in one toss is 4, 

Therefore the expected aumber of heads in 400 tosses is 200. o 
number of heads is 216, and thus it is in excess of the expected number 
The standard deviation of simple sampling is 


o=Vnpg = V}x}x400 = 10 A 
Wherein represents the number of observations and p and 4 the prol 
of happening and not happening of an event respectively. { 


The deviation observed is thus only 1.6 times this standard d 
it is therefore probable that it arose as a sampling fluctuation. 
coin can be said to be an unbiased one. d 

PROBLEM 14.3. In tossing a hundred .cents a student gets 66 ' 
you think that he has used sufficient care 10 obtain a random toss each time 


SOLUTION. Ina random toss, the chance ofa student turni 


я So, іп a toss of 100 cents, the expected number of heads is 50. 


The observed number of heads is 66, and thus it is in excess of the 
tation by 16. 


The standard deviation of simple sampling is 


ge прф=\/ 3X1x100— 5. 


The deviation observed is thus more than 3 times the standard e É 
is most improbable that it arose as a sampling fluctuation. тыге 
said that the student has not used sufficient care to obtain a random 
time. 3 

PROBLEM 144. 12 dice are thrown 3086 times and a throw of 8; 
reckoned ds a success. Suppose that 19142 throws of 2, 3 and 4 e 
out. Do you think that thts observed value deviates from the b 0 
зо, can the deviation from the expected value be due to fluctuati 
sampling ? 


is 
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SOLUTION. The total number of throws= 3086 x 1237032 
The chance of success, that is, of throwing à 

1.3and 4 with one dice in one throw. e$. 
Hence the expected value of successes zlii isse 
The observed value of successes is 19142. 

Thus the observed number of success is in excess 
19142—18516) — 626. 

The standard deviation of sampling is 

трд = JV 3x17 31032 -96.3 

Thus, deviation observed is 6.5 times this quantity and it is therefore most 


bable that it is due to fluctuations of sampling. 

PROBLEM 14.5. Certain crosses of the pea gave S321 vellow and 1504 
seeds. The expectation is 25 per cent of green seeds on а Mendelian hypothesis. 
the divergences from the expected values have arisen from fluctuations of 


sampling only ? 
SOLUTION. The total number of pea seeds examined = (5321 + 18041 


of the expected тийбе 


The expectation of ргееп seeds is 25 per cent of the total, 

Ihe expected result is 1781 green seeds. But the observed results в 1804 
fen seeds, and so it is in excess of the expected results by 21. The standard 
Nation of simple sampling is | 

333 
UN = VO. 25 х 0.75 * 7125=26.6 
The divergence from expectation „is thus only 0,6 times of this and hence 
(Very well have arisen from fluctuations of simple sampling. 
| PROBLEM 146. In breeding certain stocks, 408 hairy and 126 glabrous 
їз were Stained If the expectation is one-fourtlt glabrous, is the divergence 
unt, or might it have occurred as a fluctuation of sampling ? 

SOLUTION. Total number of plants observed is 408+126 5534. 

- Ifthe expectation of glabrous plants is one-fourth of the total, the expected 
ber of glabrous plants is 133.5 or 134. ў 

| The observed number of glabrous plants is 126 which is less than the expected 

Number by 8. 

The standard deviation of simple sampling is 


9 = „Гра = 1x xen spore 


us the divergence from the expectation is по ё» чаа еам 
May very weil have arisen from fluctuations of simple jit equal numbers of 
as PROBLEM 147, Balls are drawn fron. Е сотай another. In 2250 
à white balls each ball being retur! suspect some 
ings 1018 black 4% 1232 „int balls have. bees draw. Dados 
ч e part of the drawer ? i i 
SOLUTION. The expectation of drawing а jms bal in one draw ist, 
Boing contains e,, balls is 1125 
2250 drawings the expected number o wi difference 
~ But the number of white balls drawn is 1232. Thus the numerical 
п {һе expected results is 107. niv 
The standard deviation of simple sampling is 


a= Wnp- 1-х 3222009237 
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The divergence from the expectation is thus about 4.5 times 
hence it is not probable that it arose due to fluctuations of sampling. 

Explanation of the deviation must be sought somewhere else, 
reasonable to suspect that the drawer was biased. 

PROBLEM 14.8. /n a sample of 100 in Central U.P., 60 are] 
wheat-caters and 40 rice-eaters. Сап we assume that both the food 
equally popular ? 

SOLUTION. Taking the hypothesis that both the food article 
popular, the expected frequency for wheat-caters is 50. А 

The observed frequency іп 60. Ё 

Thus the difference between the two is 10. 

Standard deviation of sampling is. 


в N =V AXEXI00s 5. 


The divergence observed is thus only twice this standard е 
may have arisen from fluctuations of simple sampling. Therefore, 
that both the food articles are equally popular cannot be a mistaken nd 


STANDARD DEVIATION (OF PROPORTIONS) 


PROBLEM 149. A group of scientific men reported 1,705 som 
daughters. Do these figures conform to the hypothesis that the sex ra 1 


SOLUTION. The total nuniber of observation is 1705 + 1527 


The number of sons is 1705. 

‘Therefore the observed male ratio is 1705/3232 or 0.5275. 
On the given hypothesis the male ratio ought to be 0.5000. — 
Thus the observed male ratio is in excess of the theoretical ratio by 
"The standard deviation of the proportion is 


Ld Гра | 1 1 1 
а= „ A 
e 213-455 0068 


The divergence from hypothesis is thus about 3.13 times of thi 
error and it is therefore most improbable that it arose as a sampling fl 
Hence it сап be definitely said that the figures given do not conform t 
hypothesis. 

PROBLEM 1410. Ina group of 50 first cousins there were fou 
males and 23 females. Ascertain if стала proportions are incon 
the hypothesis that the sexes should be in equal proportion. 


SOLUTION. The number of cousins observed is 50 and the! 
male cousins is 27. 1 


Therefore the proportion of male cousins is 27 or 0.54. 
Ifthe hypothesis is true it ought to be 20 
us the observed deviation is .04. 
standard deviation of the proportion is 


= {итүне 
o= [#- ti» 

п SEG zy =. 
The 


divergence from the hypothesis is only :57 of this st 
Hence it can be ypothesis is only 1 | 
given hypothesis. ( hat the observed proportions are not incom 
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SOLUTION. The total number of throws = 6500 x 12. 78000. 
шшш pronortion of successes is $ or 0.50000. 
observed proportion of successes is 0.50 is i 
— Бу 0016. si is 0.5016, and thus is in excess of 
The standard deviation of the proportion is 


- [5- A xl xo 90179 
2 2 78000 ' ^ 
uantity and it is, therefore, 


Thedeviation observed is Only .9 times this 

ble that it arose as а sampling fluctuation. Therefore, the excess of the 
ion of successes is not significant of bias in the dice. 
PROBLEM 14.12. 1000 ladies are chosen at random from the inhabitants 
Maharashtra and it is found that 55 per cent of them have dark eyes and the 
r have eyes of some other colour: What can be inferred about the propor- 
M of dark-eyed ladies in the whole population of Maharashtra ? 

SOLUTION. Assuming that the conditions of simple sampling hold, we 


e of getting à dark-eyed lady 


p, that is the chanci 
and q, the chance of failure 

Total number of observations, ог 1000 
Standard Error of the simple sampling is 


48 =v0.55x0.45% 1000715 Wer " 
atever be the actual value of 7; à simple samp ould give а number 
within 3 times this standard errors ie. 15.1 x3247.1 of the expected 
ncy pn. This is 4.71 per cent of the sample. E m 
Thus, it be sai the percentage of eyed ladies in the whole 
24% Mr tween 50.29 and 59.71 per cent. 


lation is 55--4.71, that is, it lies ре 

PROBLEM 14.13. [na locality containin 18,000 families, a sample о 840 
ilies was selected at random. Of these 84 families, 206 families ام‎ ied 

have a monthly income of Rs. 250 or less. It is desired, to estimate how many 

of the 18,000 families have a monthly income of Rs. 250 or less. Within 

limits would you place your estimate ? 

SOLUTION i families having а monthly incom of Rs. 250 

or less i.e., p is 93 end E le, the proportion of families not having а 

nos income of Rs. 250 or less is 420: Assuming that the conditions of 

pling hold true. 

R Standard error of the proportion of families having а monthly income of 
5. 250 or less is 


E Ta / 103 317 1 
= (| een * 340 
Я 420 NRE 


=0.015=1.5 per cent. 
Whatever be the percentag 
families having à 


Rs, 250 4 4 

Standar Rs Be. a simple sample should sive 
he estimate of 

{ө Ee ТОН have that the limits аге 


Hence taking 1 
won bende taking 198 (ог 24.570) 
ps ly income of g 250 or — inthe locality, We he limi 
“5 per cent, + 4.5 per cent, i. e. 20 per per cent approxiaately. 
PROBLEM 14.1 
India, à 14. 400 children 4 i 
E апа 150 are found to be under weight. Assur the condi 1 
‘ow, o $ estimate the percentage of children who are unter weight in t i 
and assign limits within which the percentage pri Д 


Е 29 


ili have a monthly income of 
HA ER percentage within three times this 


FTN TM 
^ 
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Я SOLUTION. Taking the observed values of p and gin the 
ave 
3 


p, that is the chance of getting an under weight child— m 
and q, that is the chance of failure- 5/8 

Total number of children examined, or » is 400. 

Substituting the above values of p, d and » in the given formula, we get, 
Standard error of the proportion of children who are underweight 


E! [3 5 Ev Eu 
om mm pres X300 0.024 — 2.4 per cent. 


Whatever may be the percentage of children who are under weight int 
population, a simple sample should give a percentage within three times 
standard error. 1 


Hence, hing y Aor 37.5%) to be the estimates of the number of childs 
Who are under weight, we have that the limits are 27.5 per cent ( 
cent that is 30.3 and 44.7 per cent approximately. 


PROBLEM 14.15 500 eggs are taken at random fr lar, епт 

15. dom from a large consigi 
and 50 are Sound 10 be bad. Estimate the percentage of bad eggs in the comp 
ment and assign limits within which the percentage probably lies. 


SOLUTION. Proportion of bad eggs in the sample or p= 1/10 
and so q = 9/10 
Standard error of the proportion of bad eggs 


T 1 
ага = ER 10 „300-0 013-1. per cent 


Whatever may be the percentage of bad eggs in the consignment, а sir 
sample should give a percentage within three times this standard error. 


. . Hence taking 1/10 (or 10% to be the estimate of bad eggs We have that! 
limits are 10 рег cent + 3.9 per cent, that is, 6.1 per cent and 13.9 per ® 
approximately. $ 


PROBLEM 14.16. Explain the terms (a) Statistic (b) Parameter (c) Stand! 
error of a statistic. 


A random sample of 500 pineapples was taken from a large consig nent o 
65 were found to be 704 Estimage the proportion of the bad pineapple f 
consignment, as well as the standard error of the estimate. Deduce ^ 
pe d Inst of bad pineapples in the consignment almost certainly lies betwee 
and 17:5. 


SOLUTION. Proportion of bad pineapples in the sample or 


. — $3] 435 
р = pg and so 4 = 305] — 00 


Standard errors of the proportion of bad pineapples 


A e KF] 1 
E {5% * o * 00 


= .015 or 1,5 per cent. 13 
| „ (5.x 100) 85 
The percentage of bad pineapples in the sample is (500 x13] ' 


3 
the limits of bad pineapples in the consignment would be (133 
cent or 8.5 per cent 7.5 per cent. 
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PROBLEM 14.17. A sample of 1000 days is taken from meteorological 
words of a certain district, and 120 of them are found to be foggy. What are 
We probable limits to the percentage of foggy days in the district ? 

SOLUTION. Proportion of foggy days or 

Do 3 
1000 25 
Standard error of the proportion of foggy days 


Pq = 3 Т 
ЗЕ JEB Xr 


70.0103 — 1 03 per cent 


. Whatever may be the percentage of foggy days in the whole district, à 
simple sample should give a percentage within three es 3 "xa 
Hence taking 3/25 (or 1296) to be the estimate oggy days we have that 
the limits are 12 HEUS + 3.09 per cent, that is 8.91 per cent and 15.09 per 
| Sent approximately. 


| PROBLEM 14.18. /na newspaper article of 1600 words in Hindustani 64 
ber cent of the words are found to be of Hindi origin, assumi the simple sampling 
conditions hold good, estimate the proportion of Hindi words in the writer's voca- 
ағу and assign limits to that proportion. 4 2 
SOLUTION. Assuming the conditions of simple sampling to hold true, 
ve, 


“тог of the proportion of words of Hindi origin 


ы [-2- [ $4. -36 4 =1.2 per cent. 
с = 1 100* 100 1600 9 012 pe 


Whatever may be the percentage of words of Hindi origin in the writer's 
КОШУ, а EM Sample AEN give a percentage within three times this 
| ard error. aot FSR: 
«Hence taking 64/100 or (64%) to be the estimate of words of Hindi origin 
athe writer's medo d tee that the limits are 64 per cent + 3.6 per 
nt., ie., 60.4 per cent and 67.6 per cent approximately. 


Ex 
PROBLEM 14.19. A life insurance company founded upon the Indian 
E Table has a Nus 17 „ Е е ае 25. 
“tom the experienc ала рона 
n. Mr age Ж. Find p d 9 701 lower values of the amount that the company 
il have to pay out in insurance during the year. 


36 is SOLUTION. The chance that a man of age 25 would not be alive at age 


[ 

| 64 tandard 
| Proportion of words of Hindi origin or p= 100 and 4= gy: Standar 
+ 

| 


p=1— 88000 _ 1032 
| 89032 89032 i E 
| Therefore, the expected number of deaths out of 1000 insured persons 
= 1032 
— E993; — approx. 


The standard error of the simple sampling is 


с 1032 88000 
EA np 789032. 89032 X1000 23.4. 
the expected number of 


"d Tt actual ths would Ше between 5 
deaths three times | ths pole error, he. 12£3%@.4), or 1.8 and 22. 
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The average amount of a policy is 2,000 rupees. Therefore, the upperand 
lower values of the amount that the company will have to pay out in insurance 
тоне the year are Rs. 2,000х 1.8 and Rs. 2,000 х 22.2 or Rs. 3,600 and 
44,400. 


items of a certain goods and finds that there are 50 items of grade 1 worth Rs. 0 
per ti | 30 items of grade II worth Rs. 40 per thousand, and 20 items of 
grade ШІ worth Rs. 30 per thousand. Within what limits should the value of the 
consignment be fixed ? 


SOLUTION. Obviously, the true value of the consignment must be some. 
where between Rs. 50 and Rs. 300 since all the items are neither of grade I nor | 


PROBLEM 14.20. A dealer takes 100 samples from a consignment of 10,000 


of grade III. In order further to limit the values, the probable percentage of each 
grade in the whole shipment on the basis of the sample is found out. 
Chance of getting Grade I Commodity is p, = 1 —0.5 
andg—-1—p-1—]—1-0.5 | 
Chance of getting Grade II Commodity is p, —0.3 | 
and so q=0.7 
Similarly chance of getting Grade III Commodity is p; =0.2 | 
and so а =0.8 
Total number of observations in the sample— 100. 
The standard error of the simple sampling is 


с -npd 

Substituting the value of п, p, and q, we get 
о for Grade I 24/0.5xX0.5x 100— 5.0 

с for Grade 1124/0.3X0.7- 100=4.6 

с for Grade 111—4/0.2 x 0.8x 100 —4.0 


Whatever be the true. pi, pii and piii in the consignment, a simple sample 
should give a percentage within three times this standard error. 


"m 
Hence, adding to and subtracting from the sample percentage, three ША 

respective standard error for each grade, the following upper and lower value for 

three kinds of goods are found : 


Grade 1 Grade II Grade Ш 

[502-3(5.0) — 13043 (4.6)] (203 (4.0) 
Upper value 65% 43.8% 32 % 
Lower value 35%, 16.2% 8% 


i i t 
Thus the highest value that can be placed upon the consignment 5 thi 
value for which grade I is the highest and grade III the lowest that is, 


Grade 165% 
Grade ПІ 894 

730% | 
Grade H 22279; 


ign 
17 rom the above figures it is found that the maximum value of the consis! | 
ment is 


Rs. 50 (65% of grade I) ERS. 40 (27% of grade II) 


-FRs. 30 (8% of grade III) Rs. 325.0 J Rs. 108.0. Rs. 24 Rs. 457 T 
Similarly, the lowest value that сап be set on the consignment 15 that ve | 
for which grade I is the lowest and grade III the highest, that is 
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Grade 1= 35%, Grade 11123255 = 67% Grade 11= 33%, 

From these figures, it is found that the minimum value of the shipment is 
Rs. 50 (35% grade I Rs. 40 (33% of grade I1) 

+Rs. 30 (32%, of grade HII) - Rs. 175+Rs. 1324Rs. 96 Rs. 403 

The value of shipment can thus be fixed within the limits Rs. 403 and 


PROBLEM 14.21. A man buys 1,000 sacks of potatoes. Не finds that from 
1000 potatoes chosen from the sacks at random , 400 are of class A worth Rs. 100 
a sack; 250 are of class B, worth Rs. 70 per sack ; 200 are of class C, worth Rs. 50 
sack and 150 arc of class D, worth Rs. 40 per sack. What are the upper and 


SOLUTION. In order to find the upper and lower bounds of the potatoes, 
the probable limits are first assigned to each grade in the universe. 
Chance of getting class A or Pa=0.4 so q47056; 
Chance of getting class В ог рь=0.25 so qv 0.75 
Chance of getting class C or Pez 0,20 so 4с=0.80 
Chance of getting class Dorpa — 0.15 so qq 0.85 
The standard error of the simple sampling is 
тг = млрд 
Substituting the respective values of л, p and4 
We get. 
o for class A NV AN = 15.5 1.55 per cent 
с for class В —4/0:25x 0,75 <1000=13.7=1.37 per cent 
o for class C =v 0:20 x 0:80 1000 12.651. 265 per cent 


с for class D VOII X0. 211000 =11.3=1.13 per cent 

. Whatever be the true pa. Pb» Pes and pa in the lot a simple sample should 
Bive a percentage within three times this standard error. 
Hence adding to and subtracting from the sample percentages three times 
lheir respective standard errors. 


The following upper and lower value: 


D s for the four kinds of potatoes are 
found 


Class A Class В Class C Clas D 

[404-30.55] B5030) 20431.265) 115+3 (1.13)] 
Upper value 44.65% 29.11% 23.795 18.39% 
Lower value 35.35% 20.89% 16.205 11.61% 


Thus the highest value that can be placed upon the whole lot is that value 
for which class A is the highest and classes C and D the lowest, 


that is 
Class A 44.65% 
Class C 16.205% 
Class D 11.61% 


72.465% 


Class B 27.535% , А 
From the above figures, it is found that the maximum value of the lot is 


Rs. 100(44,65% of class A)--Rs- 10(27.535% of class B) 
-FRs. 50(16.205% of class C)--Rs. 40(11.61% of class D) 
— Rs. 44650-+ Rs, 19274.5--Rs. 8102.54 Rs. 4644 
—Rs. 76671. Я 
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nem d the lowest value that can be set on the lot is that value for which 
classes C and D аге the highest and class А the lowest, 


that is 
ClassA 35,35 96 
Class С 23,795% 
Class D 18.39 % 


71.535% 
ClassB 22.465% 


From those figures, it is found that the minimum value of the shipment is 
Rs. 100(35.35% of class A)+Rs. 70(22.465% of class B) 
Rs. 50(23.795% of class C)-+Rs, 40(18.39% of class D) 
Rs. 35350--Rs. 15725.5-+-Rs. 11897.5--R s.7356 
—Rs. 70329. 


Thus the upper and the lower bounds for the value of potatoes is Rs. 76671 
and Rs, 70329. 


STANDARD ERROR (OR THE DIFFERENCE) 


PROBLEM 14.22. /n a random sample of 1000 persons from town A, 400 
are found to be consumers of rice. Ina sample of 800 from town B, 400 are TE 
To be consumers of rice. Discuss the question whether the data reveal a significance 
between A and B so far as the proportion of rice consumers is concerned. 


SOLUTION. In thetwo towns together, the percentage of rice consumers 
is 


400-1-400) x 100 
P= d NT 
and therefore 


90 (10044. 55.8 


Jn town A. it is 40 per cent whereas in town B it is 50 per cent. The differ- 
ence in the percentages of rice consumers in the two towns is 10. Assuming that the 
samples taken are simple samples, then the standard error of sampling for ШЕ 
теча between percentages observed in the samples of the given sizes wou 


кер: | Poo (x) 


i two 
Where s.e. represents the standard error of the difference 2 bite 
percentages or proportions and py and 90 the presence and absence of an 
and m and п, the number of items in the two samples respectivelv. 


| (444 x 55.6) (o w) 


= 2.357 per cent. Я is standard 
The actual difference which is 10 per cent, is over 4.2 diffe nce between 
error. So И can be concluded that the data reveal significant differ 
А and B so far as the proportion of the consumers is concerned. 


ifference, 
PROBLEM 14.23. Show how you would test significance of j^" ай, of 

between the prevalence of a certain atiribute in two given populations 

which you could take large samples ? 
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sample of 500 men from a particular district of U. P., 300 are 

ers. In one of 1,000 men from another district, 550 are smokers. 

саге that the two districts are significantly different with respect 
of smoking among men ? 


ION. In the two districts together, the percentage of smokers is 


(3004-550)x100 — 
50041000 = 56.7% 


=(100— 56.7) = 43.3. 


district the percentage of smokers is 60% whereas in other district 
difference in the percentages of smokers іп the two districts is 596, 
it the samples taken are simple samples, the standard error of 
m E between percentages observed in the samples of the 


1 1 1 1 
P00 (= x y | (36.7%43.9( . 1050) 
2.714 per cent. 


ual difference which is 5 per cent, is 1.84 times the standard error. 
concluded that the data reveal an insignificant difference between 
ts of U. P., so far as the prevalence of smoking is concerned. 


D 14.24. The following table gives the proportion of dark-coloured 
ies. 


Total population Percentage of 

observed dark-coloured. 
A 250 42 
= 450 33 


difference observed in the percentage of dark-coloured people be due to 
of sampling ? 


ON. In the two cities together the percentage of dark-coloured 


149) x 100 
04-450 
Ore qo (100—36.4) = 63.6 approx. 


the true percentage, the standard error of sampling for the 
percentages observed in samples of the given sizes would be 


I 1 
he (Stu 


E 
ЕЯ, (36.4 х 63.6) e 3)- 3.8 per cent approx. 


diffeernce is 9 per cent and is 2.4 times that standard error, 
ference observed can be attributed to the fluctuations of sampling 
not be very definitely said so. Usually if the actual difference 
twice the standard error of the difference it is considered to be 


=36.4 approx. 


EM 1425. J town A, 19400 persons were observed and 27°; of 
d to be short-sighted. In town B, 29750 persons were observed and 
ind to he short-sighted, Сап the difference observed in the percentage 
persons be attributed solely to the fluctuations of sampling ? 
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SOLUTION. In the two towns together the percentage of sho 
rsons is 28.8. If this were the true percentage, the standard error of 
for the difference between percentages observed іп the samples of the give 


fx A рф ( n + x) 
A / (28.8) (71.2) (чыя) - per coat. 


The actual difference which is 3 per cent, is over 7 times this 
error and so cannot be attributed solely to the fluctuation of sampling. 


SOLUTION. On the null hypothesis the proportion of engine defects 
the total number of flights or 
n= 12 _ 04 and go =(1—.04)=.96 


The standard error of the difference in the proportions 


S. e. IA | P090 (ata ) 
. 


The actual difference in two proportions (Os and .035) is .015. ИЙ 
than one standard error and as such the difference is not significant. ү 


PROBLEM 14.27. One thousand articles from а factory are exam 
and found to be three per cent defective. Fifteen hundred similar articles n 
second factory are found to be only 2 per cent defective. Can it reason 
"concluded that the product of the first factory is inferior to the second? 


SOLUTION. In the two factories together, the percentage of de 
articles is 


(30430) 100 _ 
= 1500 =2.4 


If this were true percentage, the standard error of sampling for the d 
ence between percentages observed in samples of the given sizes WO 


for I 
seam V Gao ( ак) 
1 1 
- N 2490.6 (10-19) 0.649 per cent approx. 


The actual difference is 1 per cent and is only 1.6 times this standard 
and so could have arisen due to fluctuations of simple sampling, E. 


Hence, it cannot be reasonably concluded that the product of it 
factory is inferior to that of the second. : 
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PROBLEM 14.28. Jn 1970, for white males in the age group 30—34 years, 
he number dying in Chicago was 902 out of 106, 307 ; in New York 2130 out of 
SS (United States Life Tables). Are the death rates in the two cities signi- 
жену differenr ? 

SOLUTION. In Chicago, the death rate is 8.48 per thousand. 


In New York it is 9.61. per thousand. In the two cities together the death 
mie per thousand is 


(902--2130)X 1000 9 2 
(9024 2130) x 1000 
106307 + 221598 «9.25 approx: 


If this were the true death rate, the standard error of sampling for the 
diference in proportion observed in the samples of the given size under the con- 
dations of simple sampling would be 


| (ae ет 
$44.27 NV Podo ( n * п» ] 
| . БЕ) ) 
or = * 9.25 «990.75 (тоёт 559 = 1 


kde actual difference is 2.13 рег thousand and the standard error of tae 
difference is only .]. The actual difference is more than 10 times the standard 
trror of the difference and so the death rates in the two cities are significantly 
different from each other. 


PROBLEM 14.29. In 1970, in the original registration statem the number 
white males dying between the ages of 30 and 31 was 1609 out of a population of 
445 of white males in this age group ; the соро» figures for white 

females of the same age were 1302 out of 239,912. "United States Life Tables. 
there a significant difference between the death rates, of the two sexes at this 


SOLUTION. The death rate per thousand for the two sexes in the given 
States for the age group 30—31 is 
(16094-1 302) x 1000 

зар e. 
. da= 1000 —p, = 1000—4.9 — 995.1 
The death rate per thousand Гог males is 
= 1609 x 1000/253445 =6.3 approx. 
The death rate per thousand for females is 
=1302 x 1000/239912=5.4 approx. 


The difference between the two death rates is 6.3 5.4 —or 0.9. Assuming 
—.— conditions of simple sampling hold tue, the standard error of this 
rence is 


м 1 1 


Substituting the values, we get 


[ TIS 1 
Re aam me 253045 28810 22. 


+, The observed di is thus about 4 times this standard error. Hence 
it can be concluded Farm significant difference between the death rates of 


two sexes at this аре. 


BK і jon table, the following fre uencies 
were M 14.30. Ina certain association table, following freq 


M = 
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(48) 927, (AB) =642 : (a B) e 396 (48) m 357. 
"m im 1 have arisen asa fluctuation 
SOLUTION. From the given association table 
(A) e (ABHHAB)S 9274-642 = 1569 
(Bs (AB)--(aB)w 927-396 = 132320, 
(8) - (AB--(aB)e 6424-357 = 999 — n, 
N= (B)-+(Bh= 1323-4999 = 2322 
The percentage of A in B's is =(AB)/(B)=927 x 100/1323==70.1 
The percentage of A in B's ise (AB)/(B) 642 x 100/999.-64.3  —2 
The difference of the two percentages is 70.1—64.3, or 5.8 
The percentage of A in the universe or 
pe (А100. 1569100 _ 676 
9=100—67.6->32.4. 


Assuming that the conditions of simple “sampling hold true, ti 
error of the difference between the two REN is 


1 
64:47 4! рд, R^ ү 
Substituting the given values we get 


Evam | ene ( AN * 


71,96 per cent, g 
The observed difference which is 5.8 per cent is thus 2.96 times this stai 
error and so cannot be attributed to the fluctuations of simple sampling. | 
the association is a real one. 
PROBLEM 14.31. The figures for antitoxin treatment in the city of | 
Hospitar, for a certain period, in the treatment of diphtheria ere. 


Cases Deaths = 
Antitoxin treatment 228 37 i. 
Ordinary treatment 337 28 


Can it be concluded that there were significantly more deaths in the 
treated by antitoxin. { 


SOLUTION. On the null hypothesis the proportion of deaths for the 
15 :— E 


total deaths _ 65 
Pe total case 6 15. „Ж 
=Jo=(1—.115)-—= 885. ко 
The standard error of the difference in Proportions between two samp 


8. e. 2 / Pod Gu ) 


/ [m PT 
= | ов (з) =.027 
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The actua! difference in the two proportions ууу: and m (162—083) 
Band it is above 2.8 times the standard error and as such very significant. 


PROBLEM 14.32. During a throe- period, experiments with two types 
systems were conducted in os endi n school, Room 1 had two 150- 


manually controlled lights, which were on and off by teachers or 7 
2 300 watt 


Room 2 had four 


ages Jailing were 25.2 per cent for Room 1, and 8.0 per сей for Room 2 
a significant difference between the two percent ages ? 


SOLUTION. Assuming that the difference is a real one, 
of sampling for the difference between percentages observed i 
of the given sizes would be: 


Р .. LER: + P123 — 
m "n 
Substituting the given value, we get 


B. Z 74.8 8x92 
pem * "EMILENNÉ T» —4.8 per cent. 


The actual difference is 25.2—8 ог 17.2 per cent —.— is 3.6 e 


4 error and so could not have arisen thi 3 
ing. "Therefore; the difference between the two percentages is significant. 


If we assume that the proportions of p's are not эе in the 
lions of p in the two samples should be calculated by this fc 1 
PROBLEM 1433. The following table relates to the hair colour of girls at 


ыо, 


Ё Film Sector of Bombay 
Non-Film Sector of Bombay 
Do you regard the difference observed in the percentages of girls of da 
in Bombay and its Film Sector as significant ?. 
SOLUTION. The observed difference in the percentages of girls of dark 


r in Bombay and its Film Sector is 24. 
The standard error of sampling for the difference between these two per- 


zes would be 


Podo п 
Mith, mh 


43,5 X56 .5X 39764 t 
=\/ 1950759743 2=0.45 per cent. 


Stan = 
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The actual difference is over five times of this and could not have 
asa mere error of sampling Thus, the difference observed іп the ре 
girls of dark hair colour in Bombay and its Film Sector is significant. 


Note :—When two samples are drawn from distinct materials or 
universes giving proportions of A's p,, and Ps, but in lieu of comparing 
portion ру, with p, it is compared with the proportion of A's. in the two 
together, riz., Po, this formula should be used. 


were declared by a literary critic to be of Sanskrit origin. A second article 
same author describing atomic research contained 1600 n ords of which 640 


SOLUTION, (a) The percenta, е of Sanskrit terms in the writer’ 
lary in both the articles taken together is vae 


Po= * =37.77 


4.497 100 — p,22100—37.77—62.23. 
The pr ion of Sanskrit terms in the article reporting the pr 


Sa 3 error of sampling for the difference between these 


ا ا 
келат M Pal (= + x)‏ 
Substituting the values, we get‏ 


1 1 
benz AJ G777x6223) + = 2.63 per cent. 
y (2025 * ги) = 2.63 ve d 
The observed difference is thus about 1.5 times this standard error and 30 
could not have arisen through fluctuations of simple sampling. 
Hence it can be concluded that there is a significant difference in 
= Dons of the writer on words of Sanskrit origin in writing on the two 


(5) Estimation of imi f 1 in 
iter's vocabulary. © 196 limits for the proportion of Sanskrit terms 


Proportion of Sanskrit terms in the writer's vocabulary is 


7294640 _ 1369 1369 2256 
p= 1369 ‘qal _ 2256 
*1600 ^ 3625 4 1 3655 3625 


Assuming that the conditions of simple sampling hold true, 
vocabulary a error of the proportion of Sanskrit terms in the w 


c= Vn = E 425 x 3825 00811 per cent. 
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Whatever be the percentage of Sanskrit terms in the writer's vocabulary 
simple sample should give a percentage within three times this standard 
eror. 

Hence taking 1725 (or 37.77%) to be the estimate of the Sanskrit words 
ip the writer's vocabulary, we have that the limits are 37.77 per cent +81) per 
feat, ie., 35.34 per cent and 40.20 per cent. 


REVISIONAL PROBLEMS 


PROBLEM 14.35. In 324 throws of a six-faced die odd points appeared 
II times. Would you say that the die is ‘fair’ ? 


[ Ans. A 8 =21] 


PROBLEM 14.36. 160 heads and 240 tails resulted from 400 tosses of a 
goin. Does this coin appear 10 be unbiased ? 


[^ E -5 =4 | 


PROBLEM 14.37. 1п a random sample of 1,000 persons from town 
400 are found to be consumers of wheat, In a sample of town B, 400 are fi 

to be consumers of wheat. Do these data reveal a significant difference between 
town A and town В, sc far as prcportion of wheat consumers is concerned. 


[^E = 55-26 ] 


PROBLEM 14.38. Inan investigation about canning of fruits, if was 
found that of the 270 rural families enumerated 357 had done canning during the 
preceding season while among the 300 city families 274 had canned during the 
Preceding season. Test the hypothesis ibat the proportion of families 
previous canning experience is the same in urban and rural communities. 


[^ SER _ -2] 


. J PROBLEM 14.39. There are 1000 students in а college. Qut of 20,00€ 
inthe whole university, in a study 200 were found smokers in the college and 
1000 in the whole University. Is there a significant difference between the pro- 


Portions of smokers, in the college and university 2 ait 
(ar: Difference _ % =22.06 | 


PROBLEM 1440. A coin is tossed 576 times and the number of heads 
observed is 280. Сап the coin be said to be unbiased ? 

P$ Difference _ 8 _ 67 
| ЕЛЕС CE 


P 00 villages in Rajasthan 280 аге 
ROBLEM 14.41. In a sample of 500 villag 3 то de 


pos to be wheat eaters and the rest rice eaters. Can 
000 articles are equally popular ? 


112 


PROBL installed two sets of. 50 Burma ties 
EM 1442. A railway Боре by two different processes. After 


fach. The two set ted with 
а number of vo sets were ce. i was found that 22 ties of the first set and 18 
of the second set ti 4 8 
that there is no real difference between the preserving properties of thé. two 
Ocesses ? 


[ ans: N .. 2686 
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Difference _ 0% 2 
au. SF c] 
PROBLEM 14.43. Suppose four coins are tossed simult. 
times and falling of heads are called successes. We have thus 1.600 sapie 
four tosses each. The following distribution has been obtained: 
Frequency 


Total 1.600 
Difference . 006 
[ Ans: TT Es .006 ] 


— Seres oir 14.44. A group of scientific men reported 1,705 sons and 1527 


hese figures conform to the hypothesis that the sex ratio is 1? 


Difference _ 0.0275 23.3 
[an SE. 008-212] 


ples 


з of Variables— 


chapter questions have been solved on sampling of variables. 
have been considered : most of the questions solved relate to 
of the ae I of hacer "m 1 
assumed that the distributions are fairly normal and practically all the 
would fall within Mean 4- 3 standard error. 


us Measures have teen calculated Ey using the follo 


) Standard Error of Mean ОР очалар) ple) 
à VN? VR 
ч o 
» » Median = 1.25331 VN 


Quartiles = 1.36263 FR 


Mean Deviation = .6028 VW 
Semi ter 8 


Quartiles Range VN 
Standard Devia-_ c 
tion ЭМ 


Cor efficient of _ 
Skewness / AN 
Variance = о? | Ex 


" 2 
lon n = JM * w 
Co-efficient of Correlation UR 

Regression Co-efficient = uy. ы 
V 


Regression estimate = 
оуу Гене] 


Co- efficient of Association 


i=? 1 1 
2 \ (AB) * (Ap) аву CA 


The s 
wing formulae: 


15 


Onl 


Here also it 


error 
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Most of the problems in this chapter relate to testing the significance ofa 
sample mean, ian or standard deviation, etc., and finding out whether il 
significantly differs from population mean, median or standard deviation, etc. 
Problems have also been solved on setting limits to different statistical 


measures. 
STANDARD ERROR (OF THE MEAN) 
PROBLEM 15.1. Calculate the standard error of the mean from the follo- 


wing data collected in one of the many random sample inquiries conducted to find 
out average earnings of a particular class :— 


Earning Per week Number of Persons 


Deviation Frequency Square | Frequency 


per Mid- from the as. x of the | x Square of | 
week | values} per- av. (45) deviation deviat- the devia- 
in sons ion tion 


ах? 


m 


о-оо 


Substituting the above values in the formula 


«= | = ) xi 


Where o represents the standard deviation, we get, 


EFE RV t 
o= 000 (7005) x10 21.934 x 10 = Rs. 19.34 


Substituting the values of g and N in the formula 


g 
o, = 
"AN ; 
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ere om represents the standard error of the mean, we get, 

109.34 

‚тоф =1 


EM 15.2. To know the mean weight of all 10-year-old 

д калы 2 5 у qa weight of e 3 
pounds with a standar viation of 12 pounds. 4 
it about the mean weight of the te tay Val cx кй 


ON. Standard ertor of the sample mean (weight) is 

BP c 12 

NN. = Vi = .8 pound. 

that the conditions of simple sampling hold good the mean weight 


in all probability would be lying within. the limits three 
‘standard error to the mean of the bi ' =o 


mean weight of all 10-year-old boys inthe State of asthan 

67 pounds 2.4 pound, that is 64.6 pounds and 69.4 Bs, M 
EM 153. The following frequency table shows the distribution of 

ations made on 149 commodity price series during ten business cycles. 


Duration af cycle 


(in months) 
7.50 to 12.49 7 
12.50 to 17.49 27 
17.50 to 22.49 61 
22,50 to 27.49 115 
27.50 to 32.49 139 
32.50 to 37.49 186 
37.50 to 42.49 167 
42.50 to 47.49 124 
47.50 to 52.49 122 
52.50 10 57.49 67 
57.50 to 62.49 52 
62.50 to 76.49 15 
67.50 10 72.49 15 
72.50 to 77.49 8 
77.50 to 82.49 2 
82.50 10 87.49 2 
87.50 to 92.49 0 
1 


92.50 to 97.49 
the average duration of the cycle for this distribution and state that 


i A 
! what limits is your average correct! 
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SOLUTION. Computation of the average duration of ihe cycle and. 


deviation. 
Fre- Deviation 
quency} from the as. ух 
av. (40) taking |deviation| deviation 
۰ mon 
(б [ a [ат | 
—30 | —6 


£ 
7 
27 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 


TT TTT TTT 


— а 


Mean duration of cycle of a=x+ hx, xi=40+ 0х5 
—39.16 months 


Standard deviation of the duration of cycle is 


Fax Е, Тах 2 7445 ;—187 N 
0 A TE м, ) Ж (1110 ъло ) p 
= 2.58 x 5= 12.9 months, 


Substituting the values of c and N in the formula 
om у 
Where om represents the standard error of the mean 
We get, 


E 
om = -. 
т. 1115 39 months. 


The average duration of the cycle for the given distribution is 39.16 months 
But there is every possibility that this sample 3 may be loaded with Бе 
of shorter duration or of longer duration. So this sample mean cannot de 
ставо = iene. However, in all probability m ake ^ 11 
in the limits set to it by th ti i dard error j 
months) or 39.16 1.17 months. У es mes s standar 


PROBLEM 154. An industry desires to make а survey of the mean vest 
wage of 10,000 of its workers, Since a study of all the workers is. impossible, 


Sampling of Variables—Large Samples 467 


tative sariple of 400 workers is selected. The mean weekly wage of the 400 
is Rs. 30 and the standard deviation Rs. 2.50. If additional sample were 
, by how much would the results differ from the above sample ? 


SOLUTION. Standard error of the mean weekly wage of the given 


2.5 

VN 400 - 

If additional samples were selected, their mean would not differ by the 
weekly wage of this sample by more than three standard error of the mean 
this sample. That is, the mean weekly wages of all the additional samples 
lie between Rs. 304.375 or Rs. 29.625 and Rs. 30.375. 

PROBLEM 15.5. To test if a small electric current affected the growth of 
seedling, 100 pairs of plants were grown in parallel boxes and one member 
tsch pair was “treated” by receiving a small electric current. The mean dife- 
in heights between the treated and the untreated (treated —untreated) is +4 
with a standard deviation of 2 m.m. 


Does the electric current exercise any influence on the growth of the plants ? 
SOLUTION. Let us presume that electric current has no effect on the 


of the plants and the mean of the universe is therefore, 0. 
The standard error of the mean 


Ide actual difference of 4 m.m. is 20 times the standard error and as such 
Kant. The hypothesis has to be rejected and we have to conclude that 
tion exercises an influence on the growth of the plants. 
PROBLEM 15.6. Suppose that it has been determined that the average pulse 
of males in the 20-25 year age group is 72 beats per minute and that the 
rd deviation is 9.5 beats per minute. If a group of 55 distance runners, all 
the given age-group, were examined and found to have an average pulse rate of 
s should this be regarded as a significant deviation from the general average ? 


SOLUTION. Standard error of the average pulse rate of 55 distance 
Is 


g 9.5 i 
?m* VN "ss 7128 beats per minute 
The difference between the two average pulse rate is7 beats per minute, 
is 5.47 times this standard error. 
d Неке the deviation of the average pulse rate of distance runners from the 
average is significant. | 
PROBLEM 157. 5и in factory, the mean 
7. ose that for tyres ofa certa , 
trage. is 15180 and p standard I is 1248 kilometres. 
Suppose fur ther, th ji kilometrage of 
, that a sample of 900 tyres shows a mean eirag, 
232 Kilometres with, a phe id ic oft 1210, kilometres. Ascertain if the 
ie mean represents a significant divergence from the population mean. 
SOLUTION. The standard error of the sample mean is 
om = aD. 
VN 
where op is the standard error of the entire population and N is the 
ice number of items in the sample 
y Stituting N іл the number of items in the sample 
ubstituting the given values, we get ) 
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1248 
m 0) 241.6 kilometres. 
The observed difference between the two means of kilometrage 
15180, ог 52 kilometers, This is only 1.25 times this standard error ai 
have arisen through the fluctuations of simple sampling. Hence it can 
the divergence of the sample mean from the population mean is not sigi 
_ Note: — When the standard deviation of the population is given, 
deviation of the sample should not be used as the latter is only a sul 
the forme. 
PRCBI EM 15.8. / the standard deviation of pulse rate in a 
the normal pulse rate is 70, would you say high pulse rate was diagnostic if 
of 64 people suffering from a disease were found to have a pulse rate of 75 ? 


SOLUTION. The standard error of the sample pulse rate is 


Mer a. am 
VN 
Substituting the values, we get, Om = 8 =1 
Vv 64 


The deviation of the sample rate from the normal rate is 5 and it is 5 
the standard error—and as such highly significant. А high pulse rate 
tely diagnostic in the above case. 7 

PROBLEM 15.9. The following table shows frequency distribution 
of wheat in quintals per acre in 998 irrigated fields selected at. ra 
vince of Punjab. 


Limit in Qtls. No. of fields 
0—4 45 
4— 8 184 + 
8—12 281 — 
12—16 228 
16—20 155 
20—24 77 
24—28 22 US 
28—32 5 
32—36 1 


Calculate the sampling error of the mean. 


. SOLUTION. Calculation of the mcan yield of wheat and 
deviation. r 


Yield of Deviations 
wheat per from the as. 
acre in av, (14) 


taking į = 


SSO -e 


n= 
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Mean yield of wheat per acre =x + ж 


“14+ = x4=12.46 Оз. 
Standard deviation of the yield per acre is 


== 1.43 X 4=5.72 Qus. 
Standard error of the mean yield of wheat per acre is 


2 is Quis. 


VN V 

The sampling error is equal to standard error multiplied by critica! valuc. 
The critical value differs with the level of confidence. At 5% level of confidence 
the critica! valuc is 1.96. 


Hence, at this level of confidence, the sampling error of. the mean yield of 
wheat per acre is 1.96 x.18 or .35 approx. However, if sampling error of the 
mean is required at 1% level of con! пС©, it would be 2.58 x.18 or 465 approx. 


PROBLEM 15.10. Suppose that the standard deviation of stature іп men is 
24 cms. One hundred male students in a large university are measured und their 
average height is found to be 168.52 cms. Determine the 98 per cent confidence 
limits for the mean height of the men of the university. 
SOLUTION. Assuming that the conditions of simple sampling hold truc, 
the standard error of the average height of 100 male students is 
т 2.48 


= .248 cms. 
n= RF VION — 

Mean of the sample 2.32 standard error of the man gives the 98 per cent 
confidence limits for the mean of the universe. So, the 98 per cent confidence 
limits for the mean height of mea of the university is 168.52 cms. + .575 cms, 
that is 167.945 cms. and 169,095 cms. 98% confidence limits mean the same thing 
15 2% level of confidence the critical value of which is equal to 2.32. 

PROBLEM 15.11. The average breaking strength of steel rods is specified 10 
be 18.5 thousand pounds. To test this a sample of 100 rods жау tested and gave 
the following results ;— 


Om” 


Breaking Strength No. of rods 
15,000-—16 ,000 12 
16,000 —17,000 20 
17,000—18,000 40 
18,000—19,000 20 
19,000— 20,000 8 


Do the. results of the tests justify the hypothesis 2 
SOLUTION. Calculation of the mean and standard deviation. 


Deviation 
from as. av. 
(17.5) 

(dx) 
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Mean=17.5 + (Agg-) = 17-42 thousand pounds. 


11 120 —8\? 

Standard Deviation 7100 ioo) 
=4/1.1936 = 1.09 thousand pounds. 

1.09 


The standard error of the mean — VY = J = .109 


The actual difference of means (18.5—17.42) = 1.08 thousand pounds, 
this is more than thrice the standard error, hence, the difference is significant 


hypothesis has to be rejected. 


PROBLEM 15.12. Explain what уои understand by ‘Standard error' of 
mean of random sampling. The data concerning height measurement for аг 
sample of individuals from a given population are as follows : 


Mean is equalto 172 
ESL PES 12 
М. „ „% „ „ бә 


1f a large number of sample of the sume size were selected at random from the 
given population, what would be the limits of the 2%, confidence interval for the true 
mean. 


SOLUTION. Standard error of the mean height of the sample is 
12 
Om = — — ——— =1. 
VN Vs 5 approx 


At 2%, level of confidence, the limits of the variation of the mean would bt 
172 (1.5 2.32) 2 172 4:3.48— 168.52 and 175.48. 
PROBLEM 15.13. A sample of 900 members is found to have a mean of 
3.4 cm. Can it be reasonably regarded as a simple sample from а large population 
with mean 3.2 cm. aud standard deviation 2.3 cm. 


SOLUTION. Assuming that the conditions of simple sampling hold good 
the standard error of the mean of the sample is 
о 


13 
om= = 2,077 cm. 
"VN VIO 
_ The difference between the sample mean and the population mean is 2 em. 
Which is only 2.6 times this standard error and so may have arisen through 
fluctuations of simple sampling. So, it leads us to the conclusion, though 
strongly that the given sample is a simple sample from the given population. 


PROBLEM 15.14. А certain colliery is supposed to supply coal of E 
content about 15%. One hundred samples of coal A the company when analysed. 
gave an ash content of 16.8%, with a standard deviation of 8%. Do these re 
justify company's claim ? 


SOLUTION. The standard error of the percentage of ash contents in the 
above problem is | 


om = 8 z.8 

VN ^ VI j 

The actual difference between the two percentages is 1.8 which is 2.25 times 

the standard error. Though technically such a difference could arise due? 

sampling fluctuations yet its chances are very very remote. The company's bout 
is not justified. (The theoretical maximum for sampling fluctuation is al 

three times the standard error but in actual practice the results are jud which 


twice the standard error or even | ti t tandard error, 
gives 5%, confidence limits). less—say 1.96 times the s 


s 
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BLEM 15.15. What is the standard error of the standard deviation if 
distribution is (a) normal (b) not abnormal ? 
nown that the mean and standard deviation of a variable are respect 


| ія the universe. It is; however, considered sufficit 
size but such as to ensure that the mean of the sample would be, in all 
within 0.01%, of the true value. How much would the cost be (exclusive 
charges) ‘if the charges for drawing 100 members of a sample be one 


TION. Assuming that the conditions of the simple sampling hold, 
nean of the sample cannot deviate from the mean of the universe by more 
3 times the standard error of the mean of the sample. 

So, in a universe with a mean of 100, if the mean of the sample is to be 
01 limits of it, N should be such that 


Шо а оз —5 
Бү VN 


lifying it, we get چ‎ =1 


or .014/N = 30; or 4/N—3000 or N=90,00,000 


90,00,000 members have to be drawn from the universe to e the 
ision and at the given rate of charges, the total cost would Rs. 


y ` STANDARD ERROR (OF MEDIAN, M. D., S. D., ETC.) 

"PROBLEM 15.16. Suppose it has been found out that the median weight of 
iers of Rajput чул 154.7 lbs. If the number of the soldiers is 7750 

indard deviation of the weight is 21.3 lbs. find out the standard crror of 
weight. 

OLUTION. Standard error of the median weight. 


2331 —— 
VN 


tituting the values for o and N. 


E. 1.25331 x21.3 

n ап= 550 —.303 Ibs. 

Thus, the standard error of the median weight is . 303 Ibs. 
DBLEM T as been found out that the first quartile height 
Bs det of 4 i. 165.71 cms. and the third quartile 
for the same is 169.21 cms. with a ‘standard deviation of 14.56 ст. Find out 
lard errors of the two quartiles. 
BON. Standard errors of 
ula, 


Ке — 1.36263 -2 
E VN 


the first and the third quartiles are given 


ituting the value of a and N, we get, 
К. 1.36263 x 14.56 
580 
Anti log. (log. 1.36263-log. 14.56—} (log. 580) 
Anti log. [(.1341-)-1.1632)—3 (2.7634] 
Anti log. [(1.2973—1.3817)] Anti log. 19156—.8233 
s, the standard error of the quartiles is 8233. 
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PROBLEM 1518. Suppose in U. S. A. 250000 marriages 
contracted in a certain year in which the ages of the bridegrooms 
from 20 years to 80 years. If this distribution has got a standard deviation of 
years, what would be the standard error of the Ist, and 3rd, etc., decile ages of 
the bridegrooms if they are calculated from the given data. 

SOLUTION. The standard errors cf the Ist and the 9th decile are given 
the formula. ! 


[4 
s.e. Ist or 9th Decile = 1.70942, 7N[- 


Substituting the values of o and ЇЧ, we get for the age of bridegrooms, 
1.70942 x 8 
у.е. Ist or 9th Decile= V 250000 = .02735 or .027 year. 


The standard errors of the 2nd and the 8th decile is given by the formula 


с 
з.е. 2nd or 8th Decile= 1.42877 VN 


Substituting the values of с and N we get for the age of bridegrooms 
j 1.42877 x 8 
s.e. 2nd or 8th Decile = 17550003 ` = .023 year. 
The standard error of the 3rd and the 7th deciles is given by the formula 


ке. 3rd or 7th Decile = 1.31800 == 


Substituting the values of с апа N we get for the age of the bridegrooms 
1,31800 x8 «] 


s.e. 3rd or 7th Decile = 47 25000 =0.21 year. 
The standard error of the 4th and the 6th deciles is given by the formula 


se. 4th or 6th Decile =1.26804 fF 


Substituting the values of с and N, we get for the age of bridegrooms 
1.26804x 8 
s.e. 4th or 6th Decile = 7250000 - = .020 year. 


The standard error of the Sth decile is the same as of the median and is git? 
by the formula 


с 
S mdn = 125331 77 


Substituting the values, we get, 
1.25331 x8 


f4mdn^4/25000) 7.020 year. 


PROBLEM 15.19. А sample of 100 is taken from the universe having û 
standard deviation of 7.6. The — 1 deviation of T sample is found to be be 
Calculate the standard error of this mean deviation, 


SOLUTION. The standard error of the mean deviation is given by tht 
formula 
0 
з. emd = -6028 JR. 


Substituting the given values of o and N we get, 
65028 x 7.6 
+°тй=х/ Ту =.458, 
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s. the standard error of the mean deviation of the sample is 488. 
BLEM 15.20. The following table gives the frequency distribution of 
adult males born in Punjab. 


Number of Men within given 
limits of weight 
2 


_ Total 7749 


Find out the semi-interquartile range and calculate its standard error. 

` SOLUTION, Calculation of the semi-interquartile range and the standard 

ion of the weights of adult males born in Punjab. 
Deviation 

from the as. 
av. (165) 
taking i= 


ee EEE RR +‏ چ 
БЕ BSoeoe20uwskom-o‏ 
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First Quartile Weight 


Q= the value of 7— that b, i or 193725th item, which lies in 


the 
140—150 weight group; By interpolation, 


Qi= 1. (qe) 


= 140+ 155199 (1957.25. 1445) = 143.03 Ibs. 
Third Quartile Weight. 
Qq=the value of 20 that is 5811.75th item. 


which lies in 160—170 weight group 
By interpolation, 


Q,—160+ 791 (sit 1-75. 4627) = 168.63 Ibs. 


Substituting the values of Q and Q; in the formula 


Semi-interquartile range = o ; We get 


Semi-interquartile ranges —— uo = 12.80 Ibs. 


Standard deviation of the weight is 


Jide _ dx 
e E SEY x 
Substituting the values we get, 


39967 _7—6023 %2 
o= Fr Ce) X 102 2.133 102 21.33 Ibs. 


The standard error of the semi-interquartile range is given by the formula 


g 
з.е. Semi-interquartile range .78672 JR 


Substituting the values of с and N, we get, 


78672 x 21.33 
з.е, Semi-interquartile range = WV a = „187 Ibs. 


Thus, the semi-interquartile range of the weights of the adult males born i 
Punjab is 12.96 Ibs, and its standard error is .187 Ib. 

PROBLEM 15.21. 8500 males of the 20—25 agegroup were exam 
were found to have a pulse rate of 71 —.— per minute. The standard deri 
9.5 beats per minute. Find out the standard error of this standard deviation 
ing the universe to be normal. 


,, SOLUTION, If the universe is normal, the standard error of the sta 
deviation is given by the formula 
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s.e. o= ——— 
M 2N 
Substituting the values of a and N, we get 


е. o= — 073 a 
5. E. V 8500 ==. pprox. 


Thus, the standard error of the standard deviation of the pulse beat rate is 
073 beat per minute. 


PROBLEM 15.22. For the height distribution of 7575 females, the standard 
iation is found to be 6.46. cms. Within what limits this standard deviation may 
le taken to be correct ? 


SOLUTION. Taking the universe to be normal, the standard error of 
standard deviation of the height is 


Jo ое 
. e. o. N NEFELE] =0.05 approx. 


. Hence, assuming that the sampling is simple, we may say the s. d. inthe 
E almost certainly lies in the range 6.46--0.15 (i. e. Standard Deviation 
$ e.g) 


PROBLEM 15.23. To find out the average age of bridegrooms in U, S. A. 
202,57 marriage cases were studied. The average age of bridegrooms for this 
sample was found to have a standard deviation of 2.6556. Estimate the standard 
deviation for the average age in the population and assign limits within which this 
vill probably lie ? 


SOLUTION. Assuming the parent distribution for the age of bridegrooms 
to be normal, the standard error of the standard deviation of the sample is 


TOR e 0042 врргох, 


«ЭУ  420751X2 


. Ifthe sampling is simple, the standard deviation of the universe cannot 
deviate from the standard deviation of the sample by more than three times the 
standard error of the standard deviation of the sample. Hence, we may say that 
the 5. D. in the universe almost certainly lies іп the range 2.65564-0.0126, that 
52.6430 and 2.6682. 


سي 
PROBLEM 15.24. The Pearson's co-efficient of skewness (=) for a dis-‏ 


tribution is 4.12. Find out its standard error if the number of items in the distri- 
tion are 150, 


SOLUTION. The standard error of the co-efficient of skewness 


з.е.}= | E 


Substituting the values we get, 


ма f- 3 EIE 
sej= 27150 -J 300 Vi. 


Thus, the standard error of the Co-efficient of skewness is .1. 


PROBLEM ol 
di ЕМ 15.25. Calculate the co-efficient of skewness of the following 
“tribution and also calculate its standard error. 
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Size of item Frequency 

j 2 

4 4 

5 5 

6 8 

7 10 

8 7 

eT 9 8 
10 6 


Зо, Calculation of arithmetic average, mode and standard 


Frequency 
x 


Square of 
deviation = 


S = 
[LT © боол һә 


— 
| 

2 

© 


Arithmetic average, or a=x-+- 


Standard deviation. 
Za / Xfdx y 189 — 
п ( n )- UR) .) 1.94 


Analysis Table for the Calculation of Mode. 


Size of item containing maximum frequency 


No. of times the size 
of item occurs 


From the above table, it is clear that 7 is the size of item which is most 
frequented. It is not true of any other size. Hence, the mode, or z is 7. 


Substituting these values in the formula 
j - a-z 
where j represents the co-efficient of skewness, 
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76—17 _ 
Er c 
л > 
dard error of the co-efficient of skewness is ` 


EE 
2N 


jtuting the values, we get 


ж / 3 
2x30 =A 


is, the co-efficient of skewness is .03. 
and its standard error is -1732. 


This formula of measuring standard error of the co-efficient of 
applicable only when the co-efficient of skewness is measured by 


STANDARD ERROR (OF C. V., r Reg. Etc.) 


OBLEM 1526. The following is the distribution of Bradstreet's commo- 
(1957-1973), expressed as percentages of trend. 


What is th Second Moment about the mean for 
* i probes error for the 
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SOLUTION. (a) Calculation of the variance and the standard di 


4 
1 
100 0 
101 1 
102 4 
103 9 
104 16 
25 


tt + + 4 tt ++ 
S л Ф омон о 
on 


Substituting the above values in the formula 
Varance--gi—. S -( Za y 

n n 
We get, 


iance— 4968. (—12\? 
Variance— 74 (204 
=24,35—.003=24.347. 
The standard error of the variance is 


S.€.y=o* А | 2 240 | 7204 —234 


Thús, the limits of the variance are 24.347 --(3 x 2.34) or 24.341 
(5) From the above, the standard error of the variance is 2.24. 
Since Vltriance—2nd Moment, p 
he Probable error of the second moment —.6745 x 2.34.— 
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PROBLEM 15.27. What would be the standard error of the MN if, in 
the number of items are 100 and the standard deviation is 5. 
SOLUTION, Variance=o* 


In this problem variance==(5)?=25 
The standard error of variance 


Substituting the values, we get, 


sey=25 [s —3.535 


Thus the standard error of the variance in the problem is 3.535. 


_ PROBLEM 15.28. The following is the free ncy table of six Months Prime 
rcial Paper Rates, January 1962 to December, 1971. 


Class Intervals 
2.50 to 2.99%, 
3.00 to 3.49 ,, 
3.50 to 3.99 „ 
4.00 to 4.49 
4.50 to 4.99 
5.00 to 5.49 
$50 to 5.99 , 
6.00 to 6.49 „ 


ous uS. 


Calculate the standard error of. the co-efficient of variation for the above 


SOLUTION. Calculation of the co-efficient of variation. 


© —w | Square of 


Bo BSH | deviation 


Arithmetic average of the distribution is 


= x43 2 2 Dans 100 74445 (approx). 
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Standard deviation is 


JEE 


Co-efficient of variation is 
wx 100 — 19х10 _ 1, 9 


Vom 
СА 44 
The standard error of the co-efficient of variation is given by the fot 


у Ear N. 
se oy V " Lido 
Substituting the values of V and N in the formula 
17.95 — —3x01395* 
же. ov VIU Па z13 


A^ oh the standard error for the co-efficient of variation for the di 
15 1. J. 

PROBLEM 15.29. To study the correlation between the stature g 
and the stature of the sou, a sample of 900 is taken from the universe of 
sons. The sample study gives the correlation between the two to be +- OF 
what limits does it hold true for the universe ? ! 

SOLUTION. The standard error of the correlation co-efficient DEW 
stature of the father and son is 
— 2 
XM 1—(0.67* _ oig 
VN 9 

If the sampling was simple, ine correlation in the universe can 
e p ipse d the sample by more than thrice this standa 
.054. Hence, correlation in the universe most robably lies within 
that is, .616 and .724, К 

PROBLEM 15.30. To find out the correlation between the yield of 
week and percentage of butter fat, a sample study of 12250 buffaloe 
This gives the value of r to be—.082. Find out the ‘standard error of the 

SOLUTION. The standard error of the calculated r in the sampi 

1—r? 1—(— 0.082)? 
S. e. = - == 0.0089. 
TEN 12250 | 

The correlation observed is nine times of its standard error a 

though it is, could not have arisen from sampling fluctuation. Ў 


PROBLEM 15.31. Three experiments were conducted 10 йе 
relationship between laterality of hand and laterality of eye, 
between (1) difference of strength of grip and (2) difference in visual 


—0.02410 (3234 subjects) 
—0.00738 (4003 subjects) 
+0.02962 (1447 subjects) 


Find the standard errors of the three correlation co-efficients, ат 
that it cannot be concluded th. ignificant correlation bë 
rality of hand and laterality ape {алу significant. eon Я 

зрелих * standard error of the co-efficient of corre 

—r 


5. e. VW 


Xe te 
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Where r represents the co-efficients of correlation and N, the total. number 
d observations in an experiment. 

Substituting the respective values of the three experiments, we get, 
E 2200176. 


xg for the Ist experiment = 


1—(0007389* 900188. 


s. ey for the 2nd experiment == v 
ger for the 3rd experiment = Sar 02962) 5 263, 


Since in all the three experiments of the co-efficient of correlation is less than 
trie its standard error it is concluded that the correlation is not significant. 


PROBLEM 15.32. From the following four samples giving the stature in 
for 400 adult males, 100 in England, 100 in Scotland, 100 in Wales and 100 
Ireland, find out as io what would be the standard error of the mean of à 

^h consists of all these 400 men. 


Stature in стз. for adult males born in 
England Scotland Wales Freland 
Mean 16731 168.55 16662 167.78 
Stendard Deviation 2565. 1250 85 217 


SOLUTION. The combined mean of the samples or 


m, — (197.31 x 100)-F(168.553x 100)-I-(166.62 x 100)-+(167.78 х 100) 
100-1001 


= 167.565 
The combined standard deviation of 4 samples 


ner En n maa E e Lies 


LO 
E DERE NEN 


[ $55.36-1-5.251-625.00-{-98,01--552.25-4-8#8.364-410.89--4.84 


22.50 
Standard Error of the combined mean 


ER. on id 2:843 
== „ = 25 
4 of Hapur prices 


PROBLEM 1533. Find out the regression co-efficien : 
E Allahabad prices fonts the following data and also calculate its standard 


Assuming n to be 900 Hage Allahabad 


н Rs, 
А». price per quintal of wheat "t jx 
Standard deviation 3 f 


r between prices at Hapur and Allahabad-+.67. 
i OLUTION. Regression co-efficient of Hapur prices (x) over Allahabad 


f, 


bxy= .کک م‎ a61 3 =1.005 
F.31 oy a 


* 
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The standard error of this regression co-efficient is 
оху In ANI 

8. e. he 1 
оуу N 24/900 


Thus, the eie co-efficient of Hapur prices over All: 
1.005 and its standard error is .037. 

PROBLEM 15.34. Toa certain number of students chosen а 
from a given school population, atest of general intelligence (x) 
silent reading comprehension (y) are administered. Suppose that. 
measures are derived from the distribution of scores on these two tests 

Ах= 102 ; ex—12 ; Ay=80 ; oy —10 

and rx y—--.8. 

With the help of this data, estimate the scores that a. student 
on general intelligence if he makes a score of 86 on silent reading coi 
test. Also calculate the standard error of your estimate. - 

SOLUTION. The regression equation of intelligence test (x) on 
test (y) is r: 


ox 
(X—Ax=r f= 


ох 
or X= t Y—Ay)+Ax 


Substituting the given values, we get 
x= S52 0 80 102 
—.96Y—76.8--102 
-—.96Y--25.2 
Estimating the scores on intelligence test (X) when scores on 
(Y) is 86, we get 
X „= .96 х 864-25.2= 107.76 scores. 4 
The standard error of estimate of the scores on reading test is 
зелу oxy ҮҮТ = 1207108) =72 
Thus, ifa student makes а score of 86 on reading test he w 
score of 108 on intelligence test. The standard error of the estimate 


PROBLEM 15.35. For a given group of adults, the co-efficient 
between height and weight is .6; standard deviation of height and 4 
ems. and I Ibs; respectively and the means in height and weight for the 
are 169 cms. and 145 lbs, respectively. Find ош the best estimate oj 
of an individual who is 172 cms. fall. Assign limits 10 this estimate in whith 
probability his actual weight would be lying. TT 


SOLUTION. The regression of weight (Y) on height (X) is 
(Y—Ajy =r ES (X—Ax); or Y=r = (X—A,) + Ay. 


Substituting the given values, we get 


. (K—169) + 145 = 2.4 X—405.6 + 145 = 2.4 AU 
r 


катан the weight of an individual when his height is 


Y= 


we ge 
Yi 7 2.4 x 172—260.6= 152.2 Ib. 
The standard error of this estimate is 


e v суу L = 12/1 —68 = 9,6 lbs- 
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Thus, the best estimate of the weight of an individual who is 172 cms. tall 

115.2 Ibs. and this estimate cannot deviate from his actual weight by more than 

me times this standard error. Hence, in all probability his actual weight would 
lying between 152.2 Ibs +28.8 Ibs., that is 123.4 Ibs. and 181.0 Ibs. 


_ PROBLEM 15.36. Two groups of children, one belonging to the professional 
ш 125 in number, and the other belonging to the labouring class, — '?4 in number 
compared and the following results are obtained :— 


Poor children Well-to-do children 
Per cent Per cent 
Below normal weight 13 


Above normal weight 48 


Find the co-efficient of association between the weight of the children and 
| ei к! status. Also calculate the standard error of this co-efficient of 
ation. 
J SOLUTION Denoting poor children by A, well-to-do children by a and 
t am weight by B; and above normal weight by B. 
(АВ) = 55 (aB)=13 
(08) 48 (АВ)=11 
Substituting these values in the formula, 
Q= (AB) (28) — (АВ) (aB) 
(AB) (a8) (AB) (aB) 
Where Q represents the co-efficient of association, 
t get, 
Qz-(55x48)—(11x13) _ 2640—143 . 99 
(55х48у+(11х13) — 2640-2143 dd 


The standard error of this co-efficient of association is 


S 1 1 1 
‘<<a. — ix. — + —— 
E ‚/ (AB) * [АДУ GB) (оф 
1—89 өрө (TE 
* — Tie — — 
2 35° II ЛӘ АЕ ЖОЕ 


E ү us the co. eſſicient of association between the weight of the children and 
Social status is +.89 and its standard error is 0472. 


REVISIONAL PROBLEMS-15 
PRO 


n BLEM 15.37. A random sample of 1,000 farms in a certain year gives 
р таве yield of wheat 2000 Ib. per acre with a standard deviation of 192 Ib. 
5100 pp sample of 1,000 farms in the following year gives an average yield of 
ith hyp РС acre with a standard deviation of 202 Ib. Are these data consistent 
۷ Yer thesis that the average yields in the country were the same in these 


Difference 100 ] 
lo: ТӨН 88 =11.36 
„ЕМ 15.38. From a normal population, a random sample of size 32 
nd the sample standard deviation was found to be 1.38. Using 1 
l of significance, decide if it would be reasonable to adopt the value 
€ population standard deviation. 


PRO 
Was бапа 
Т cent 1 
у for the 


pe Difference _ 1.38 _ & 
[4 EE 17252. 
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PROBLEM 15.39. А correlation coefficient of 0.72 is obtained 
sample of 29 paired of observations. Is the difference significantly different] 


0.8 2 
Ans: 


PROBLEM 15.40. The standard deviation of the wage of 2,100 
workers is Rs. 12.8: another sample of 600 workers gives standard de 
Rs. 15.7. Find out if the standard deviation of the first sample sig 
differs from the combined standard deviation of the two samples 


Rs. 14.0. 


PROBLEM 15.41. 490 male students and 450 [emale students 
at the examination in statistics. The mean and standart deviation in m 
male students are 54.3 and 17.5 respectively, whereas hose of female si 
are с “bs 18.0. Is there a significant difference in marks of male and | 
students 


S. E. 1.16 


. PROBLEM 1542. Suppose it has been found out that the first quar 
height of 580 post-graduate students of а college is 165.71 cms. and 
quartile height for the same is 169.21 cms. wifh a standard deviation 
ems. Find out the standard errors of the two quartiles. 


|а": Difference 3.7 


[Aus e 5.0.9. 


. PROBLEM 15.43. A random sample of 200 villages was taken 
district and the average population per village was found to be 48 
standard deviation of 50. Another random sample of 200 villages 
same district gave an average population of 510 per village with a stand: 
ation of 40. Is the difference between the average of two samples s 
significant ? 

[Ans S. mim 
PROBLEM 15.44. A random sample of 200 villages in a district 
mean population of 500 persons per village. Another sample of 30 
from the same district gives the mean at 504. If the standard deviatio! 
mean population of villages in that district is 20, find out if the mean of 
sample is significantly different from the combined means of the two 
taken together. 
[Ans :s. e. 


PROBLEM 15.45. Random samples drawn from two countries a 
following data relating to the height of adult males : 


t Country x Country У 
Mean Height (in cms.) 167.42 167.25 
Standard deviation 6.80 6.70 
Number of observations 1000 1200 


Is the difference between the mean heights significant ? 

[Aas : 5.е. mı M 

PROBLEM 15.46. The mean lifetime of electric bulbs produce 

y gom has in the past been 1,120 hours with a standard deviation of 123 
Bue shoned aman nea ONS а. este Rs hat M 
1 ifetime of 1, A hesis that t 
lifetime of the bulbs has not 24. E 


Difference 50 _ у 
(ињ: SE. — 0 
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ce between sample means, 


This chapter deals with significance of differen s 
nce of the difference, stan- 


medians and standard deviations. To test the significance ol 1 
dard error of the difference is calculated and the actual difference 15 compa 
vith it. 17 the actual difference exceeds thrice its standard error, it is significant 
otherwise not. The following formula have been used in this chapter :— 


(1) Standard Error of the difference of Means: Unrelated Series. 


a? g 
(a) Where population с is not known P т a 
1 2 
1 1 
(b) Where population o is known op 1 ў x) 


" А» сыз Im 
(c) Where a sample means is compared with — Ni OP a(n Me) 
the combined mean of 2 samples. 
Related Series. 


Standard error of the difference 0 9, 91х09, 
1 pio s 
of two means. TE z Eos 2r пхп 


(2) Standard Error of the difference of two sample medians. 
=y se ndn e mdn, 


(3) Standard Error of the difference of two standard deviations. 
(а) Where population standard deviation is [ EA m 
m 2л 


not known. 
СИИК e {tt} 
nown. =y 7 11 л» 
.. (c) Where S. D. of a sample is compared o n 
with the combined S. D. of both the samples 2 nnn) 


PROBLEM 16.1. What is meant by the standard error and what are its 
Practical uses ? Intelligence tests of two groups of boys and girls give the follo- 


wing results. Examine , the difference is significant 7 
Girls Mean 84 : S. D. 10 ; No. 121. 
Boys Mean 8I : S. D. 125 №. 81. EET 
SOLUTION. Supposing that the two. samples, are independent Ee at 
from different une Bard imple sampling conditions, the standard error of 
€ difference of their mean scores would be 
о? ور‎ 
s.e. mm A + 52 


486 Practical Problems in Statistics 


Substituting the given values, we get 
— SEEN: - =f 26042—1.61. 


The observed difference is 84—81, ог 3, which is only 1 
standard error and so could have arisen through the fluctuations of 
pling and as such the difference observed in the mean scores of. wo 
tests is not significant. 


PROBLEM 16.2. The intelligence quotient (1. Q.) ratings of 
left-handed students showed a mean of 110 .52. A similar group of 68 ri 
students had a mean I. Q. of 109.48 Are the left-handed students a 
right-handed in respect of I. Q. rating or is the difference so slight as 
have been due to chance variations arising in sampling ? For left- 
Ní—68; x,—110.52,0,—15.2. For right-handed students N3—68; 
о;= » 
SOLUTION. Supposing that two samples are drawn quite ind P 
from different universes, the standard error of the difference of the 


1. Qs. is 
02 0ї, 
з.е. pii mac ү * de TA 
Substituting the given values. we get 


asi? , 155 2 
e mm e ee 


The difference observed between the mean I. Q's. is 1.04, which, 

than half of this standard error and so most probably would have 

the fluctuation of simple sampling. j: 
So, it would be wrong to conclude that the left-handed students are a 

above the right handed in respect of I Q. rating. 


PROBLEM 163. From the data given below, find out whether th 

ference in favour of the soldiers of Scotch extraction in matter of weig 

difference so slight that it may be attributable to chance ? T: 
"A 


z N M с і 
Soldiers of Scotch extraction. 1821; 144.93 pounds; 17.41 pound. — 
Soldiers of French extraction 746; 142.16 pounds; 16.04 pounds 


SOLUTION. Since the two samples are drawn quite indepe 
from different universes, the standard error of the difference of thet 
ights is д A 


aoa 
Se. min VL T LE 
A we. am S M M Tg 
Substituting the given values, we get, 
Й (1741? (16.00? rm 
nem Y "ЫЛ + чы М Sii4—715 | 
The observed difference between the mean weights of soldi 


extraction and French extraction is 2.77 Ibs which is more than. 
standard error. Hence the difference in weight is a real one in 


soldier of Scotch extraction. К 


PROBLEM 16.4. The heights of a random sample of 1304 Scot 
а mean of 168.5456 cms. and a standard deviation of 5.480 cms. А rand 
of 1694 Englishmen gave an average height of 167.4375 cms., and. 
deviation of 5.548 стз. Is the difference significant ? 


SOLUTION. The standard error of the difference of the two means 
above is i 
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Substituting the values, we get, 

$489 . G: — 
se. E = NE * P =y 028 =.17 
The observed difference between the two means (168.5456— 167.4375) is 
to 1.1081 cms. which is more than three times the standard error of the 
of means and as such is highly significant. 


PROBLEM 16.5. A random sample of 200 villages was taken Gorakh- 
й village was found to be 485 with а stan- 


deviation of 40, Is 
nificant 


› 


reasons. 
SOLUTION. Supposing that the two samples have been drawn quite inde- 
pendently the standard error of the difference of the two means is 


. 

EX а 

tem- M = 
P= NO na 


; Substituting the given values, we get, 


aaa 
бе. my mis = V 900 * C. =V 35-453 


The observed difference of the two average population per village is 510— 
485, or 25, which is thus 5.5 times this standard error and so could not have 
n through the fluctuations of simple sampling. Hence, the difference between 
the averages of the two samples is statistically significant: 

PROBLEM 16.6. A random sample of 1000 men from Northern India shows 
ir mean wage to be Rs. 5 per day with a standard deviation of Rs, 1.50. A 
sample of 1500 men from Southern India given a mean wage of Rs, 4.50 per day 
with a standard deviation of Rs. 2. Discuss the suggestion that the mean rate of 


Wages varies as between the two regions. 
SOLUTION. Supposing that the two samples have been drawn quite 
ependently from different universes, the standard error of the difference of 
ır mean wages is 


2 2 
с 4 
Se. m-m» -X 1 — ^ DS 
| 1 


Substituting the given values, we get 


Se. mne NEUSS + A 05-01 
me observed difference of the two mean. wages is, 0.5 which is more than 
е times this standard error; and so could not have arisen through the ШЕШ 
tions of simple sampling. Hence, the suggestion that the mean rate of wages 
vàries as between Northern and Southern India is correct. 


PROBLEM 16.7. A random sample of 1000 farms in a certain. year gives 


ал average уі, py .with a standard deviation of 192 
ge yield of barley of 2000 lbs. per acre, w ng year gives am average yield 


- A random sample of 1000 farms in the followi 
of 2100 Ibs. per prie pu iie deviation of 224 lbs. Show that these data 
“e inconsistent with the hypothesis that the average yields in the country as a whole 
ere the same in two years. А 4 d a 
SOLUTION. Supposing that the two sam les have been drawn quite inde- 
. Pendently, the standard eit of the difference e their mean yields is 
u b 


2 2 
em mas NI 3 3 
my m= 71 72 
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Substiiu ting the given values, we get 


3€ E= y 1000 * ==\/®7.40 —9.33. 


The observed difference of 100 lbs. pet acre which is thus more than three ti 
this standard error and socould not have arisen through the fluctuations 
simple sampling. Hence, the data are inconsistent with the hypothesis that 
average yields in the country as a whole were the same in the two years. 


PROBLEM 16.8. The average chest girth in 74,459 males classed as 
1 was found to be 90.8 cms. with a standard deviation of 1.94 cms. Ford 
males classed as grade II the average girth was 85.8 cms. with a standard 
pe Чы, 15 there a significant difference in the chest girth of the 
grades ? 


SOLUTION. Supposing that two samples have been drawn indepen 
from different universes, the standard error of the difference of two means is 
c PX] 

semm V ча 
Substituting the values, we get, 


_ Газа С Ети 
e = 77445013146 ^04 
The observed difference of 5 cms. is more than hundred times thes 
error of the difference and as such is highly significant. 


PROBLEM 16.9. / 60 new entrants in a given university are found to 
а mean height of 168.60. cms. and 50 seniors a mean height of 169.51 cmsgis 
evidence conclusive that the mean height of the seniors is greater than that 
new entrants * Assume the standard deviation of height to be 2.48 стз. 


_ SOLUTION. Since the two samples are independent and come from the 
universe under simple sampling conditions, the standard error of the diff 
of two mean heights is, 


зи Y op e rdi 


n 
Substituting the given values, get, 


TE TN 
re. Em N (248) (S n 


PROBLEM 16.10. The mean produce of wheat of a sample of 100 
comes to 200 lbs. per acre with a standard deviation of 10 lbs. Another 
150 fields gives the mean at 220 Ibs. with a standard deviation of 12 Ibs. Аз " 
the standard deviation of the yield at 11 Ibs. for the universe find out if there 
significant difference between the mean yields of the two samplese 


SOLUTION. Supposing the samples аге independent and come from 
same universe, the standard error of the difference of the mean yields would de 


1 1 
e. neam] o 8 ) 
Substituting the given values, we get, 


=n? C + a 
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bserved difference between the two means is 20 Ibs. which is more 
the standard error of the difference of means. Hence the difference 

and ccv'!d not have arisen due to fluctuations of sampling. 
a certain period 


EM 16. 11. 50 children are given a special diet for 
group of 50 other children have normal meals, Their gains in 


7.2 Ibs. Controls 5.7 Ibs. 
dard deviation for the weight gain is 2 


diet really promotes weight ? 
ON. Since the two samples are independent the standard error of 


ce of the means is 


3 
с = Рие 
2-4 р "mo 


bstituting the-values, we get, 


lbs. Would you conclude thi 


em = N Qr б kir um )-4 
observed difference in means is (7.2—5.7) 1.5 lbs. which is more than 
с standard error of the difference and as such very significant. The spe- 
does promote weights. 
` PROBLEM 1612. A random sample of 100 villages in a district gives the 
population of 500 persons per. village. Another sample of 150 villages from 
district gives the mean at 504. If the standard deviation of the mean рори" 
of villages in that district is 20, find out if the mean of first samples signi- 
ly differs from the combined mean of the two samples taken together. 


"SOLUTION. The combined means of 


= 100 د(‎ лохи persons, -:502:4 persons. 
d the combined mean thus 


The difference between the first sample mean an 


the two samples. 


Р 2.4. 
А EM standard error of 


the difference of first sample mean and the combined 


А | Г 
* op nan n3 


“Substituting the values, 


oh =V24 21.549. 
TOXTOO + 150) 
the standard error of the 


Thus, the observed difference is less than thrice 1 i 
and as such it could not have arisen due to fluctuations. of sampling. 


Hence the difference is not significant. 


PROBLEM 16.13. In order 10 find 2 
killed workers in the shawl manufacture trade of Srinagar, ап investigator took a 
ings te sample of 350 workers, and his investigation gave the average daily earn- 

10 be Rs. 5.30. He took another random samp е of 300 workers and found the 
average earning to be Rs, 5.75. 15 there significant difference between the average 
ae з of the group and the average earnings of both the groups taken together, 
assuı that the standard deviation of the average daily earnings is 60 Ps. 


out the average daily earnings of. semi- 
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SOLUTION. Theaverage earnings of both the groups taken 


E 5 rupees — Rs. 5.61 


The average carnings of the first sample is 5.50 


Thus, the difference between the two is Re. 0.11 


Supposing that the mples have been drawn quite i 
from the same universe, ihe standard error of the difference between the 
carnings of the first sample and the average earnings of both the samples 
together is 


" n 
Se. m \/ сїр WO EADO 


Substituting the values, we get, 


„„ 

semm= (VT VISE 1 

Thus, the observed difference is less than this standard error and so 
have arisen through the fluctuations Of simple sampling. Hence, the di 
between the two average earning is not significant. 

PROBLEM 16.4, In an intelligence test administered to 60 fathers and thee 
100 children, the following results were obtained, 

Fathers Mean score 114 S. D.—13 

Sons Mean score 110 S. O. II 


_ SOLUTION. Since the two Samples are related, the standard error of 
difference of their mean scores is 


пә 


ce is 114-110, or 4, which is only twice this standard 
and so could have arisen through the fluctuation of simple sampling. Hence, the 
difference is not significant. 


PROBLEM 16.15. The following data relate to the weight (in pounds) of 10) 
and their 100 wives : 


Mean Standard deviation 
Husbands 125 8 
Wives 110 6 
be o, ing the r between the two to be+.6. calculate the standard error a 
the differe. 


nce of the two means and state whether the difference is significant. а 
0% SOLUTION. Since the samples are correlated the standard error of t 
difference of means is 


^u 

о; а, o A 

e. mi mass Jz aS Or ба хт. 7 
a i 
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л 150 = 
— 99424 -.99. 


The observed difference in the mean weights is more than thrice the standard 
of the difference of means and as such it is significant, 


PROBLEM 16.16. The following data relate to the height measurement of 
s and their 120 wives. 


, Mean Height Standard Deviation 
Husbands 164 5 
Wives 161 à 4 


Assuming that the co-efficient of correlation between the height of husbands 
wives is G. find out if the difference in heights is significant. 


SOLUTION. Since the two samples are related the standard error of the 
of their mean height is 


Semy m= АЕ: + 2 27 * . x Se 


nm Mg 1 Ma 
Nie 


de observed difference of 3 cms. in the mean heights of husbands and 
is more than thrice the standard error and as such is highly significant, 
_ PROBLEM 16.17. Ina wheat variety test conducted over a wide area, the 
difference between two varieties was found to be 5.5 bushels to the acre. 
standard error of this difference & was 1:4. bushels per acre, and was 

from 100 pairs of plots. Set up the fiducial limits at the 5% probability level 
the mean difference in yield between the two varieties. 

SOLUTION. At 5% probability level, the fiducial limits are given by 
+1.96 times the standard error. 
_ Hence; the fiducial limits for the mean difference іп yield between the two 
ties at the given probability level is 5.5 bushels: (1-96 1.4) bushels that is 
756 bushels and 8.244 bushels. E 
PROBLEM 16.18. Two samples of 100 and 80 students are taken with a view 
10 find out their average monthly cage It is found out that the median 
eres for the first group is Rs. 185 and for the second group is 
Ee standard deviation for the first group is Rs. 7 and for the second. 

Examine if the difference between the median monthly expenditure of the two 
s is statistically different ? - 3 
74 SOLUTION. Assuming that the conditions of simple sampling hold true, 
Standard error of the median monthly ex penditure is 


с 
we. man 25 ЭКУ 


Substituting the values we get, - 
E. 1.253317 goa 
чета for the Ist sample— 7700 7 
“as У 100 

1.25331 x8 


e. nin for the 2nd sample = =1.121 
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Supposing that the two samples have been drawn quite iadependently 
standard error of the difference of their median monthly expenditure is 


Mes omues BFE 
5.€-mdni-mádgz— V/. e n e nan 
Substituting the calculated values, we get, 


s.e qmdmi- mdi —/. (877) + (1.1218 =V 2.0258 —1.42, 
The observed difference of the median monthly expenditure of the two 

is Rs. 200.85, or Rs. 15, which is more than ten times this standard error 
could never have arisen through the fluctuation of sampling. 

Hence the difference between the median monthly expenditure of the 
samples is statistically significant. 

PROBLEM 16.19. The median height of 100 M. Com. students is 166 
a standard deviation of 3, and the median height of 121 M. A. (Economics) st 
is 164 with a standard deviation of 4. Are M. Com. students taller than M. 
(Economics) students? 


SOLUTION. Assuming that simple sampling conditions hold true, 
dard error of the height of the samples would be— 
с 
5.е.тӱп 1.25331 VN 


Substituting the values, we get, 
1.253340 x 3 
5.€.mdnist Sample CO 100 7375995 


1.25331 x4 
g. e. man and Sample= VL 45575 


1 the two samples have been drawn independently the 


dard error of the difference of the median height would be 
5 nin nde Fe. Amm + една 
Substituting the calculated values, 
=y (31608 (456) _ 
— . 


The observed difference in the heights is 2 cms. which is more than 
the standard error of the median, as such the difference is significant. 
can conclude that M. Com. students are taller than M. A. students. 
PROBLEM 16,20. The standard deviation of the height of 100 M. Ch 
students is 3 cms. and of another 200 М. А. students із 4 cms. Test the sig he 
of the standard deviations on the assumption that the standard deviation of 1 
ght of post-graduate students is 3.5 cms. 


= EV PTS. 


. , The observed difference in tho two standard deviations is 1 ст. vi | 
slightly more than thrice the standard error of the difference of deviat 
hence the difference is significant. 
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PROBLEM 16.21. For two groups of students it was found that there was 
significant difference in their mean weights. However, the standard deviation 


00 students) was 10 Ibs. and in the second group (of 150 stu- 


mis) was 13 Ibs. Is tnere @ significant difference in the two standard devia- 
? 


SOLUTION. On the hypot hesis that the two samples are drawn from the 
tion with identical mean and variance the standard deviation of the universe 


Id be 


mei NoT? JE х100) (150 x 169) ars 
V T, lg z = : 


100 + 100 
The standard error of the difference of two standard deviations 


— icc 
о?р 1 1 141.4 1 1 P 
8.e. 0,09 == N 2 (= s = —. (00 * 150- )=1.08 


The actual difference of 3 Ibs. in the two standard deviations is less than 
times the standard error and as such the difference is not significant. 
PROBLEM 16.22. To find out the mean weights of. girl students two indepen- 


t samples of 100 each are taken which reveal no significant difference between 
is 2.5 cms. while for the 


the means ; for the first sample the standard deviation is 2. 
second it is 3.5 cms. Test the significance of the difference between these two 


measures taking the standard deviation of the universe to be 2.85 cms. 
SOLUTION. Supposing that the two samples are independent and have 
tome from the universe which is normal, the standard error of the difference 

ir standard deviation is \ 


$.€.04-0 9= + x . 


Substituting the values we get, 


а 1 
seyo] 2 100 1 1005 ) 


= 081225 285 | 

The observed difference of the standard deviations of the two samples is 

Lem. which is more than three times this standard error and so could have not 
arisen through the fluctuations of simple sampling. 

difference between these two 


Hence, so far as the data are concerned, the 


Measures is significant. 

PROBLEM 1623. The standard deviation of the weights o 746 United Sta- 
les soldiers of French extraction was shown 10 € 6.03 pounds. At 47 time of 
di ilization, weight measurements were made out only of the United Dr 

ersof French extraction out of 80,000 soldiers of all types. For the МАА 
x value of op was 17.06 pounds. Does the observed o for the French differ 
Ем» from this value ? ], the standard error 
LUTION. $ ing that the distribution is normal: the standar 
Sue difference ot Standard Geviations of weight of the soldiers of the French 
Faction and of all types is 
gi n 
$e. 0,0, = VT mn ng 
Substituting the values, we get, 
Ex 
s.e. 001. y —3 — < 746 (746 + 19254) a ds which is 
The observed difference of the standard deviations is is the, fluctuations 


D Н 
nly 2.3 times this standard error and so canbe attribute: ference between the 


Sampling. Hence, thedata do not reveal a significant 
two standard deviations. 
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SOLUTION. Supposing that the distribution is normal the standard em 
of the difference of the deviation of the first sample and the combined stan 
ion of the two samples i« 


та оу " 
з.е. 00-0 VRZ: lr TS) 
Substituting the values, we get, 


E 


( 
J. e. оу-оү== Ve * 400 + 600) 


V5 10001 = .38. 


` The observed difference between the standard deviation of the first sample 
and the combined standard deviation is 2.9 which is more than thrice the § 
dard error. Hence the difference is significant, 


PROBLEM 1625. {na sample of 1000 the mean is found to be 17.5 and the 
standard deviation 2.5 


- ln anorher sample of 800 the mean is 18 and stan 
deviation 2.7. Assuming tha, 


the samples are independent discuss whether the two 
samples can have come from universes which have the sam 


e Standard deviation. 
SOLUTION. Supposing that the samples are drawn independently the 
standard error of the difference of their standard deviation is 
2 ү оү? $ о?» 
$e. 0-0, = ETT De 
Substituting the values. we get, 


2x1000 27800 00588 
x les Ide Observed difference of the standard deviation of the samples is 0.2 
is less than three times this standard error and so might have arisen as sam} 
ations. Hence, the two samples may have come from universes which 
the same standard deviation, 


PROBLEM 16.26. For two left-handed and right- handed students 
it was found that no significant dif, E ndd and rig 


ference existed between the two mean J. Os. 
left-handed students, 91 was 15.2; while for right-handed students, су was 1 
the ا‎ between these measures significant ? It will be remembered that 
173—686. 


ha 


SOLUTION. Supposing t independently, 
standard error of the dl рр E that (һе samples are drawn in p 


erence of their standard deviations is 
918.7 1053 

SL. Су-05 = EUM зт 

alues, we get 

(15.2) 15.52 
зе. 91-0,— 72x68 + GM —].86 4 

„The observed difference between the standard deviation of the two samp v 

5:15.5—15.2—0.3. This is only .16 times the standard error and so might be 
g m . nce the difference between these measures сай 

iot be taken as significant. 


Substituting the given у; 


arisen as sampling fluctuation, He 
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Ist sample 2nd sample 


Number of workers 586 648 
Mean weekly wage Rs. 52.5 Rs. 47.5 
Standard deviation of wages 10 11 


Find out if the mean wage and the standard deviation of wages oj the first 
significantly differ from the combined mean and the combined — devia- 
of the two samples. 


SOLUTION, The combined mean of the two samples is 


m. gg (586 — 4 حت‎ x41.5) 49.9 
* n +a Га, 6 + 


The combined standard deviation of the two samples is, 
و ےس‎ шан 
4 түсү? +n (тут) + nos! + My (ту— туз)? 
iw n +My 
ا‎ е B: b 
=y (586 x 100) + 586(52.5 — 49.9) + (648 X 121) + 648(47.5—49.9# 
T . 5864648 
144701.84 
- —1234 10.8 


The standard crror of the difference of the first sample mean and the com- 
means of the two samples is 


— ——— ا‎ 
2р. Ее 

. = pem 0 
$8 mmi 4 Р M+ л) 


Substituting the value, we get, 
3 
=y 0097 gie 6867648) 


= | IMS Epes — 
116.66 3961234 =V 104 =.32 


The observed difference (52.5—49.9) of 2.6 rupees is more than thrice the 
error and hence is significant. ag 6 
The standard error of the difference of the standard deviation of the first 

and the combined standard deviation of the two samples is 


ue 
сї пә 
ere W күр) 


Substituting the values, we get, 


(10.8)? 648 ха 053 —33 
— X eases rey =v 
The observed difference (10—10.8) of .8 is more than thrice the standard error 
odis : i f the first 
nce is significant, Thus both the meañ and standard deviation o! des 
e significantly differ from the combined mean and combined standard devia 
two samples. 


REVISIONAL PROBLEMS -16 
n from a 


PROBLEM 16.28, A random sample of 500 pineapples was take 
Consignment 204 60 were fond 15 be bad. Show that, the S. E. of the 
lon of bad pineapples in a sample of this size is 0.015 an 


мя Of bad pineapples in the consignment almost certainly lies between 
5: (Ans: S.E.P - 0.015 or 1.5%) 
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PROBLEM 16.29. The mean of a random sample of 100 individuals fr 
a population is 64.3. The standard deviation of the sample is 2.7. Would it 
unreasonable to suppose that the mean of the population is 60. 


(Ans: a. 15.93, Hypothesis is doubtful ) 

PROBLEM 16,30. A railway Company installed two sets of 50 Burma ti 
each, two sets were coated with creosote hy two different processes. Afte 
a number of years of service it was found that 22 ties of first set and 18 ties 
the second set were still in good condition. Are we justified in claiming 11 
there is no real difference between the preserving properties of the t 


i : Diff 08 
„ Difference _ .08 _ T 
(Ans: ESE — "-og .82 Not at all significant 
PROBLEM 1631. A random sample of 400 members is found to ha 
a mean'of 4.45 cm. Can it be reasonably regarded as a sample from a large рој 
lation whose mean is 5 cm. and whose variance is 4 ? 


ы .Difference _ .55 5 
(^m SM = 55 No.) 


PROBLEM 16.32. 500 articles were selected at random out of а Ба 
containing 10000 articles and 30 were found to be defective. How many defective 
articles would you reasonably expect to find in the whole batch ? 

à (Ans: Between 282 and 918) 

PORUM 16.33. In a recent survey, two samples were drawn ead 
containing 500 hamlets. In the first sample the mean population рег hamlet wa 
found to be 100 with a S.D. of 20, while їп the second sample mean populati 
was 120 with S.D. of IS. Do you find the average of the two samples to best 
tistically significant ? 

(Ans: Diference = 18.2, Difference is significant ) 

PROBLEM 16.34.. Two groups consisting of 400 and 500 persons hi 
mean heights 168.5 cms. and 166.1 cms. and variances 6.4 and 6.0 respectively 
Examine whether the difference in means is significant. 

, Difference _ 2.14 , 2 ) 
' (Ans: DEI ae 12.3. Difference is significant 

PROBLEM 16.35. A sample of 50 pieces of a certain type of string was 

tested Тһе mean breaking strength turned em to be 14.5 Ibs. Test whether the 


sample is from a batch of strings havi ing st th of 15.6 lbs. 
standard deviation of 22 lbs ins a mean breaking strength o 


(Ans: — 3.55. Hypothesis is not correct, і.е, the ) 

sample came from a different population 

PROBLEM 16.36, A sample of 600 persons selected randomly from 

city gives the result that the males are 53%, Is there reason to doubt 
hypothesis that males and females are in equal numbers in the city. 

Difference 18 ЖГ, 

LEN ^ - thesis is 

A (Ans: SE Ty 147, Hypo! # 

EM 1637. А random sample of 100 students gave a mean weigh 1 

of 58 kilograms with S.D. of s men жеш 

the population is 60 К.р, 4kg. Test the hypothesis that the | 

» 2 


? (Chi-Square) Test and Р 
cient of Contingency o dE 


X? test is a test of significance. It is a very useful device of checking obser- 
frequencies against expected frequencies. It is a measure between à sample 
an accepted theory or standard. The value of X? can be calculated means 
the following formulae, which are explained in detail in the solution of diffe- 
problems : 

, e This formula can be applied in all types of 

0 х? -5((57-) } distributions. 


(i) 1na2x3 table хз (А Т 7$ 
یا‎ 


(iii) In a 2xn table ү?= T { z(#-)- ти } 


T, 
(2) 
(iv) where р and q are given X?» 2 
7 N 


The calculated value of X? is compared with the table value for given degrees 

dom and at a certain level of significance. If the table value is less than 

calculated value the divergence between observed and expected frequencies is 
Sidered to be significant. 


In this chapter, problems on co-efficient of contingency have also been sol- 
iy a statistical data are divided by dichotomy by observing oniy two attributes, 

and B it is possible to study the relationship between them by the calcula- 
co-efficient of association, But if A is further sub-divided in various 
and similarly if B is also sub-divided, the study of association becomes 
fing, For such tables (which are known as contingency tables) co-efficient of 
ov has to be calculated, Karl Pearson has given the following formula 
he calculation of co-efficient of contingency :— 


c-r 


Ina 2x 2 table the Maximum Value of C ».707 
. = 816 
„+ ЖЕН n MS 7.866 
„„ = 894 
s „ 2913 
„ 2:926 
ex , ON =.935 
E 9- = 943 
t» 10x10 AERA 2949 


— 17.1. Population samples from six small frontier mining canes 
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Camps 
1 2 3 4 5 6 
Males 22 12 32 18 46 n 
Females 6 8 12 4 24 


Compute the value of X* 

SOLUTION. Letus take as our hypothesis the supposition that 
and females are equally distributed in camps. If this be irue, the expected 
quencies would be 


Camps 
1 2 3 & 5 
Males 14 1 22 11 35 
Females 14 10 22 11 35 25 
Substituting the observed and the theoretical frequencies in the formula 


nci. 


Where ts ted or t 
fcénuedcios E oes екеу frequencies, f, the expected or 


We get, 
24 (22—14*, (6—14) (12-10) , (8—10) 
N I E 0 


62—223 (12—22)# ,(18—11? , (4—11)? 
r 
a БУ 403 +2225" TE (22—25)? 


25 
+4 
SE a эе et TEC 
m 5 * 
—35 +35 255 25 
or Eu 
аалам 17.2. The following table shows the condition of home andthe 


Condition of home 


| cran | 


Condition of child 


Clean 


Fairly clean 


Dirty 


the 
Do these results has a bearing on 
dition of the child. s suggest INE the condition of the home 


0) 
12 wes 5% level of significance, the value of X? is 5.991 for 2 def / 
the com 


,,, SOLUTION. Let us take as our hypothesis the supposition that tie "te 
dition of the home and the condition of the child are not associated, that i» 
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attributes іа the given table are independent. If this be true the theoretical 
ies would be :— 


— 


Condition of child 


Condition of home 


Fairly clean 


Dirty 


Substituting the observed and the theoretical frequencies in the formula : 
xtas{ ( f[—hy* | 
Л 


get, 
p = 8—31)? —24 
X= Deum ту: Ga 52 * G83 as 


Е ау E W 


81 1 81 
. f s A xb 


X? 220.9 approx. 
The number of degrees of freedom 

2(c—1) (r—1) 5Q—1) (3—1)=2. 
The table value of X? for 2 degrees of freedom is 5.991, which is much less 
the calculated value, 20.9, Therefore, the hypothesis is not proved by the 
„In other words, the X3 test shows that the condition of the home has a 
ng on the condition of the child. 
PROBLEM 17.3. Show that there is a significant association between the 
perament of brothers and sisters. 


256 + 26 


Good-Natured 
Brothers 


Good-Natured 
Sullen 


SOLUTION. Let us take for our hypothesis the supposition ае 
ent of brothers ES sisters are not associated, i.e. EN f пиа 
d pasideration are independent. If this be so, the ‘expected freq 
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Sisters 


| Quick | Good-Natured | Sullen | 
33 583 


Brothers 


Quick 785 6 
Good-Natured 653 527 486 166 _ 
Sullen 570 460 423 1453 


— — я 


Substituting the observed and the theoretical frequencies in the formula: 


2 
х=5{ f 
1 
W'e get, 
зш (850—785) , (571—633)? , (580—583) 
DOOR ur ur m 
(618- 653)? , (593—527): , (455—486)* 
^ 653 2 527 ease = 
AM (540—570) 4056—4602 | (457 - 423) 
r 


23 
4225 3844 9 1225 
2 enn — 14 — - 1 
5 
4356 , 961 , 900 16 , 1156 
+ "m Ua +50 773600743 


or X22 5,38--6.07-1-.02.- 1.88-1-8.27-1-1.98 
41. 58-41.034-2.73 
ог Хї=27.94 
The number of degrees of freedom in the given problem 
( ( = (r—1)= (3—1) 3—1) 4. | 
The table value of X? for 4 degrees of freedom at 5% level of significans 
9.488, which is much less than the calculated value of X? which is 274. T 
leads us to the conclusion that the hypothesis is incorrect and there is ase 
ficant association between the temperament of brothers and sisters. 


PROBLEM 17.4, /na recent diet survey the following results were found! 
an Indian city :— { 


Number of. 


Families taking tea 
Families not taking tea 


Discuss whether there is any significant difference between the two cams 
ties in the matter of tea taking ' 


SOLUTION. Let our hypothesis be that there is no difference belt 
two communities in the matter of taking tea, that is the two attribu 
pendent. If this be so, the expected frequencies would be :— 
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Hindus Muslims 
Families taking tea 1260 140 
Families not taking tea 540 60 


! Substituting the observed and the expected frequencies in the formula. 
х5} A | 
fi 


get, 
(1236—1260)? (164—140)? 564—540)? _ (36—60)? 
X= د‎ EE Sed + ee эсир 


1 1 1 1 
=(24)2 { SERO Jon tamto. }=15.22. 


The number of degrees of freedom 

= (0—1) (r—1)= (2—1) (2—1)= 1. 

The value of X? for one degree of freedom at 5% level of significance is 
1 which is much less than this calculated value of X2. In the light of this the 
lusion is clear that the hypothesis is wrong and there isa significant diffe- 
between the two communities in the matter of taking tea. 
PROBLEM 17.5. Suppose that, in a public opinion survey answers 10 the 
10п5— 

(а) Do you drink ? 
(b) Are you in favour of local option on sale of liquor 
were as tabulated below : 


Question (b) Question (a) 


on whether or not an 


К. Can 7 ini 1 option is dependent 
Коре tha t opinion on local opti dep: 


Values of X? on levels of significance P 


. SOLUTION. Let us take as our hypothesis: the assumption that local 
Option on sale of liquor td whether an individual drinks, are n 
Matis, these two attributes in the given table are indep . 

tical frequencies would be: 


Question (5) 


i 


Substituting the observed theoretical frequencies in the formula 
Ros / US 
ios 
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We get, 

.. G6—58*, (31—29)? (18—16)* (6—8)? 
xc m LEE tiu rp 

1 1 1 1 

"б^ {зр + бте ) 977 
The number of degrees of freedom is 

z(c—1) (1—1)—(2—1) (2—1)—1 
The five percent value of X? for one degree of freedom is 3 

more than the calculated value of X2. ene light P "this “the 


evident that our hypothesis is correct and opinion on local op 
liquor is not dependent on whether an individual drinks or not. 


PROBLEM 17.6. The table given below shows the data obtained | 


epidemic of cholera. 
|. Attacked | Not Attacked 


Inoculated 3l 469 
Not Inoculated 185 1315 


Total 216 1784 
Test the effectiveness of inoculation in preventing the attack of 
(Five percent value of X? for one degree of freedom is 3 841) 


. SOLUTION. Let us take as our hypothesis the supposition 
tion and absence of attack from cholera are not associated, that 
attributes in the given table are independent. If this be so, the the 


quencies would be : 
Not Attacked [ — 1 


Inoculated 436 
Not Inoculated 1338 


nME 


Substituting the observed and the theoretical frequencies in the f 
X2 sÍ € F: 1 — | А 
f f 


we get, a 
31—S4)2 . (469—446)? , (185—162), (1315—1338) 

oo =”, 99246 i *t 31558 

1 M 

=m] t du + X + Dus | 14 
—14.64. | 


The number of degrees of freedom 
=(c—1) (г—1)=(2—1) (2—1)—1. 


The five per cent value of X? for one degree of freedom is 3. 
much less than the calculated value of XI. So in the light of this, CO! 
evident that the hypothesis is incorrect and inoculation and absence 
from cholera are associated. 


PROBLEM 17,7. The following table is published іп а тетой 
Karl Pearson. 


x? (Chi- Square) Test and Co-efficient of Contingency чә 


Eye colour 
їп 


father 


son's eyes is associated with that of the 


Test whether the colour of the 
ree of freedom 


р E (you may use the fact that 596 value of chi-square for 1 deg 
) 


SOLUTION. Let us take for our hypothesis, the supposition that the eye 
colour of sons and the eye colour of fathers are independent. If this be true, the 
expected frequencies would Бе: — 


Eye colour in sons 


not light 
Eye colour 


light 
Substituting the observed and the theoretical frequencies in the formula. 


xs! URB | 


We get, 


_ (230-144 (148—234)? ‚151—237 (471—385)* 
xo GUT Sa СТ Ек 8 
1 


1 1 1 
=(86)? { ip r m GG | 


=133.29, 
| The number of degrees of freedom. 

—(c—1) (r—1)-(2—1) Q—1)—1. 

The 2 at 59 igni dom is 3.841 
m En e 204 level ee rmt E 33.29. This 
e definite conclusion that the hypothesis is wrong and the colour 

eyes is associated with that of the fathers to a great extent. 
PROBLE 7 ere tried to control a certain type 
uf EM i. Dro re тешу were онша — 

A : 200 plant s were examined and 40 were found infected. 

B : 200 plants were examined and 10 found infected. 

Is treatment B superior to treatment A? 
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SOLUTION. The data given in the question can be tabulated as follows : 


нета 
1 


160 
90 


On the hypothesis that there is no difference between the two t 
the expected figures would be 


25 175 200 
25 175 200 
50 350 400 


° 
the value of ace 1040—25* por 5 ds. ang 


2 
+ OUSE 206 


For one degree of freedom at 5% level of significance the value of N nd 
and as the calculated value is much higher than this the results are significant 
the hypothesis has to be rejected. Treatment B is superior to treatment A. 


. PROBLEM 17.9. The following table shows fractional test meal results in 
series of pathologically verified cases of ulcer and cancer of stomach. 


Achlor-hydria | Hypo- Normal | Hyper- 
5 ШОРУ) ydria chlorhydria 
3 7 35 
22 3 6 
pd» [е Год 


canc: ан here a significant difference in acidity condition between chronic ulcer and 
ег? 


Chronic ulcer 


SOLUTION. On the supposition that there is no significant differt 


in acidity conditions between ulcer and cancer, the expected frequencies 
be as follows : 


(Chi- Square) Test and Co-efficient of Contingency 505 


90. (7 
value of X* eer „ zm 


9 
(2—3.2)2 , (35—26.4)2 , (6—14.6)* 
OI ные 
2 
R ose j- 9-22) 24293 
lumber of degrees of freedom 


(-C- = (4—1) (2—1) 2 3. 

3 degrees of freedom at 5% level of significance the value of Х? = 7.82 
‘the calculated value is much higher than this and the difference is signi- 
hypothesis should be rejected. 

— PROBLEM 17.10. /nanexperimentation the immunization of goats from 

Х the following results were obtained. Derive your inference on the efficacy of 


Died of anthrax Survived Total 
2 10 12 
inoculated 6 6 12 
DLUTION, (1) We take for our hypothesis, the supposition that inocula- 
Eu are independent attributes. If this be true, the expected frequen- 


Died of anthrax Survived 
lated with vaccine 4 8 
Inoculated 4 8 


ibstituting the observed and the expected frequencies in the formula 
E (Л)? | 
Ж ел 


(2—4)? 10—8)? , (6—4)? (6—8)? 
00" Lore, emer e 
=0 ( 1-4 HH 8123. 


The number of degrees of freedom is 

(e- (r—1); = (2—1) Q—1) 21. 7 » "T ; 
The value of X? at 5% level of significance for one degree of freedom is 
The calculated RC which is 3 is thus less than it. Hence thereis no 
suspect the hypothesis and the data do not suggest that the survival is 
d with inoculation. Whatever association there appears to be between 
rom a direct comparison may be due to fluctuations of sampling. 


LUTION. (П) There is a simple formula for calculating X for this type 
le, i. e., (2x 2) fold table given by Brandt and Snedecor. 
Representing the (2x 2) fold table as follows :— 


b ba Tp 
a cı Te 
т. he 


is gi Буса cib} T 
is given by = TREE 
y T; T, Tp. Tc- В 
We multiply diagonal frequencies and find the difference between the two 


ts. The difference is squared and multiplied by the grand total. and 
lt is divided by the product of the subtotals. 
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In our case, the table is as follows : 


2 10 12 

6 6 12 

8 16 24 
Substituting these values, we get 


S 48х48х24 _ 
а x16x 12 х1 #165121 * 


PROBLEM 17.11. Explain the technique of the X* test of 
pointing out the precautions to be observed in its applications. 


Two sample polls of votes for two candidates А and B fora p 
taken, one from among residents of urban areas, and the other from 
tural areas, The results are given below. Examine whether the nature of Y 
is related to voting preference in this election. х 


of On. еза оп ће hypothesis that the two attri 
area voting preference given in the table are not assoch 
following theoretical frequencies. Р 


Substituting the observed and expected frequencies in the formu 


xs[ —.— ] Dn 


We get, 
= .(620—5859 , (380—415)? | (550—585) (450 
x. CUP + LOT 


= „685% | (—35)2, (—35)? | G5)? 
x 2 415 T ЖЕШ? 


585 


R 35 I 1 1 ПЕ d Ys 
"85 st zl] 710? 
The number of degrees of freedom is, 
25 (с—1) (r—1) = (2—1) (2—1) = 1 E 
c value of X? at 5% level of significance for one degree 00 
3,841. The calculated value which is 10.09 cm thus more than it. T^ 
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ңәйсї and the hypothesis is incorrect. The nature of area and the voting 
е are associated. 

PROBLEM 17.12. In December 1974, there was an outbreak of cholera 

ina certain place. Of 120 persons who were uninoculated, 10 contracted the disease, 

dof them died. Of 180 persons who were inoculated 5 contracted cholera and none 


af them died. 
(д) inoculation and contracting the disease, and 
(b) inoculation and mortality among persons who have contracted the disease. 


SOLUTION. The data can be set up in the following two tables 


(a) 


. Uninoculated 
Inoculated 


(b) 


Uninoculated 
Inoculated 


* (bycy—c353* X T 
pc 1* Tax Tp x Tc 
bis 10; eis 5; Tm 15; Tp 120 ; 
62100 сї=175; 12285 Те=180 RIA 
Substituting the value, we get 
X- (10 x 175) —(5:« 110)}2 X 300 
15x 285x 120 x 1 
_(1750—550)? x 300 432000000 _„. 
92340000 9234000 1 


For one degree of freedom at 5% level of significance the table value of X? 
73,41, and as the calculated value is higher than this the results are significant 
and there is evidence of positive association between infection and absence of 
inoculation. * 

b) X2 byes—c3 53) X T 

©) N T XT Te x TE 

b,e4;c20; T = 4; 1p 210 $ 

b,=6 0555 ; Ta И Tee 5;Т=15 
Substituting the values, we get 


xs. (4x5—(0x0)9x15. 6000 5 
4х11х10х5 7x ^ 
ificance the table value of 


For опе de; at 5% level of signi! 
звао бевте ооо 30 df сапе We cannot say that morta- 
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lity among those who have contracted the disease is higher amongst | 
were not inoculated. - 
In cases where the frequencies ere less than 5, X? test should 
as it gives misleading conclusions. If we calculated co-efficient of 
results would be found to be significant. 
PROBLEM 17.13. Jn the course of anti-malarial work in В 
third quarter of 1972, quinine was administered to 606 adults out of 
lation of 3,540. The incidence of malarial fever is shown below. Disc 
ventive value of quinine. 


You may use the 5% value of Chi-square for n degree of fr 
the value being 3.841. 
SOLUTION. Оп the hypothesis that quinine has no preventive 
The value of X* 

= (cg PT. 

1% 19% To X Tc 
]n the present problem 1 
by=19; c,—193; T, —212; Tb—606 
— €,=2741; T,—3328; Tc—2934 
Substituting the values, we get, 
xa. .(09x2741—193x 587)? x 3540 
= 212 х 3328 x 606 x 2934 
_ 052079—113291)2 х 3540 — (—61212)* х 3540 
= 7 212x3328x606 x2934 ~ 212x 3328 x 606 x 2934 
A.L. (log. 61212 x 2 + (log. 3540) 


= ALL, (log. 212 log. 3328 + log. 606 + log. 2934) 


= e = A.L. (13.1228—12.0981) 

A. L. 1.0247 «10.59. Y 
The table value of X for one degree of freedom at 5% level іѕ 3 
the calculated value is higher than the table value, the results are sign 
the hypothesis has to be rejected. 

PROBLEM 17.14. The Fortune magazine of the U.S. A. 
following results of a sample survey of public opinion regarding elect 
President of U.S.A, :— : 


Favourable 
Un 


Is attitude towards election issue guided by the economic status. 
What test would you apply ? The following table of 1%, values of ci 
reproduced for your use :— 
Degrees of freedom 1 2 3 
1%, value of chi-square 6.635 9.210 11.341 


SOLUTION, The value of X? is 


(бус) xT 
TXT, x Thx Tc 
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In the present example 

b 508; с\:=905; Тү=1413; Ty 2067 

bye 1559: c= 1114; T2673; T, —2019 
Т = 4086 

Substituting the values, we get, 


K= {6508 + 1114)—(905 x 8 
1413 x 2673 x x 
L (log. 508--log. 1114)—A.L. (log. 905 + log. 1559)}# x 4086 
A.L. (log. 1413--log. 2673 + log. 2067 + log. 2019) 
Ди. (2.7059 + 3.0453)—A.L. (2.0866 клр < юв 
С AL. (3.149211-3.4265 + 3.3160-1-3. 
_ (AL. 57512—А .L: 6.1497)? x 4086 
— (ALIM 
__ (563600—1413000)? x 4086 
* (A.L. 13.9271) 
__ (—849400y x 4086 
= (AL. 13.2971) 
__ Á.L. (log. 849400 x 2)--(log. 4086) 
әң AL 13.2971) Pp 
_ A.L.(11.85784-3.6117) — ALL. (15.4695) 
= AL. (3.2911)  — AL. (13.2971). 
= A.L. (15.4695—13.2971) = A.L. 2.1724.—148.7 
The tablc value of X? for one degree of freedom at 1% level is equal to 


£635. The calculated value is much higher than this and as such the result is 
Smificant. The attitude of voters is definitely guided by the economic status. 


PROBLEM 17.15. From the following table showing the number of plants 
Е characters, test the hypothesis that the flower colour is pa of 


Leaves 


E^ may use the following table giving the value of X* (chi-square) for one 
0f freedom, for different values of P. 


P—99 95 .90 50 10 05 07 
00077 00393 .0158 — 455 2706 3841 6.635 


fus OLUTION. On the hypothesis that the flower colour is independent of 
9f leaf the expected frequencies are : 


fom a bštituting the observed and the theoretical frequencies in the 


(fe; 
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We get, 
_ (99—1004* , (396—346? , (20—186 
n 
(5—6.4)? 
EET! 


1 1 ї 1 
=(1.4)? (72 * 734.6 + 186 + 64 )- 4878 or .488 
The number of degrees of freedom is 
= (el) (r— 0e (2—1) (2—1)= 1. 

The 5%, value of X? for опе degree of freedom is 3.841. The calculated 
value is much less than it. This comparison leads us to the conclusion that thei 
is no cause to suspect the hypothesis and the flower colour is independent of t 
flatness of the leaf. 

PROBLEM 17.16. in an experiment on immunization of cattle fr 
tuberculosis, the following Yesults were obtained :— 


Died or affected 
12 
16 
Examine the effect of vaccine in controlling susceptibility to tuberculosis. 


26 
SOLUTION. Percentage of inoculated who are unaffected is 3g X 100 = 


Unaffected 


Inoculated 
Not inoculated 


68.4 and percentage of not inoculated who are unaffected is 5 x 100=27.3. 


Thus the comparison of the two percentages brings out clearly the fact t 


inoculation and non-susceptibility to tuberculosis are positively associated. 


But, it is just possible that this association may be due to fluctuations d 
sampling. So, to test the significance of association, we proceed as follows + , 


Taking for our hypothesis the supposition that the two attributes given 
the problem are independent, the theoretical frequencies are : 


Died or affected 


Inoculated 17.7 
Not inoculated 10.3 d 
bstituting the observed and the theoretical frequencies in the 


* ( Ap y 


(12—17.7* , (26—20.3)? , (16—10.3) . 
DELE EE. 163 7 


We get 


r 
= 62° { 175 355 OF +117 ) 
The number of degree of freedom is 
m rin, ы р, 
уа X? for one degree of freedom at 5% level to signi dm 
3.841. The calculated value des greater Mun his Mue So the hypothesis к 
incorrect and the association between the two attributes is significant. igy 10 
is established that the vaccine is effective in controlling susceptibili 
is. 
PROBLEM 17.17. The llowing tabli he results of a serie d, 
controlled experiments. 6 the — — be considered to hare 
any positive effect. 
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Positive No effect Negative 
Treatment 9 2 1 
Control 3 6 3 
12 8 4—24 


SOLUTION. А simple formula for calculating X? for (2x fold tables is 
n by Brandt and Snedecor. Representing the (2X л) fold table as follows : 


1 2 3 п 
b b 52 by n Tg 
є үе. eR „ CR 


I б» АЗ. us: 


т 
xt is gen by үшү; {2 (^. )- ] 


"Each frequency in either of the rows is squared and divided by the 
responding sub-total. These are summated and the correction term subtract- 
tdas shown in the formula. The remainder is multiplied by the quotient of the 
Square of the total frequency divided by the product of two sub-totals on the 
Tiht " In the given example, the table is : 


Positive No effect Negative 
Treatment 9 2 1 12 
Control 3 6 3 12 
12 8 4 | 24 


Substituting these values in the formula, we get 
„ (2% f (9 9.0 (D (2 
DM ML a 
X= xD UB E ) 
24x 24 
= dixi2 16.75 +0.5 +0.25—6,00}=4 x 1.5—6. 
The number of degrees of freedom is 
(c—1) (r—1) = (2—1) (3—1)=2 
3 The value of X? for/2 degrees of freedom at 5% level of significance is 
Xi be calculated value is almost equal to this value. Hence the treatment 
Y be considered to have no positive effect. 
m PROBLEM 17.18. The normal rate of infection for a certain disease in 
e is known to be 50%. In an experiment with given animals injected with a 
17 


Vaccine it was found that none of the animals caught infection. Can the | 
lence be regarded as conclusive (at the 1% level of significance) to prove the 


5 
та) 
E 
Value of the new vaccine ? 
SOLUTION. Representing 
the chance of infection by p 
the chance of non-infection by q 
the number of vaccinated people who caught infection by a 


the number of vaccinated people who did not catch infection by b 


and the number of observations by n 
we have as per given data 
Р=.50 527 


@=.50 лп=а+Ь=7 
220 
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Substituting these values in the formula 


(e £9) 


X22 ——————— 


Р 


— 


xum 


EU T 

nm 

50 7 1 
50 

The number of degrees of freedom is I. The value of X? for 1 degree 


freedom at 1% level of significance is 6.64 which is less than the calculated val 
Hence the evidence may be regarded as conclusive to prove the value of the 
vaccine, > 

PROBLEM 17.15. Upon the basis of past experience the fatality rate fro 
malaria fever fora certain community was found to be 12.5 per cent (that 
reported deaths from malaria fever reported cases of malaria fever = .1250). 
survey was made of certain congested areas, The homes studied were selected 
nearly as possible at random and a fatality ratio of 30.0 (45 deaths) was ЈОШ 
for 150 cases of malaria fever. Using X2 test, determine if it represents’ 
significant departure from the population value 12.5. 

SOLUTION. Representing 

the chance of death when attacked by malaria fever by р 

tbe chance of survival when attacked by malaria fever by д 

the number of deaths from malaria fever by a à 
a the number of survivals among those who were attacked by malaria fe 
y 

and the number of observations by n. 
we have as per data : 

p=.125 b= 105 

== 875 n= 150 


а==45 
Substituting these values in the formula 


ФУ. 
— п 
4 
We get, 
125 
( uo 10 y 
Xũ* ы 5 42 
275 ^ | 
| ге 


The number of degrees of freedom is 1. The value 0 


m 
degree of freedom at 1% level of significance is 6 64 which is E 
a o of significanc 
less than the calculated value. Hence the sample fatality rate represents asi 
ficam departure from the population fatality rats front malaria fever. 
PROBLEM 17.20. Jna cortain hospita! during а certain week. A 
Using X? Ih as 


were born out of whom 30 were mates and 20. fem es tio 
il this distribution ія inconsistent wrih the observation sex ra 
births is 1:1, 


that the 
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SOLUTION. Representing 

the chance of a male birth by p 

the chance of a female birth by g 

the number of male births by a 

the number of female births by b 

and the total number of observations by л 
we have as per data : 


p.50 b=20 
q=.50 n= 50 
a=30 


Substituting these values in the formula 


x? -—— — 

P. 

We get, 
50 „ 
( 30— у 20) 
— T 
“50 
25-50 


The number of degrees of freedom is 1. The value of X? for 1 degree of 
freedom at 5% level ofsignifücance is 3.841. The calculated value is less than 
this figure. Hence the observed sex ratio during the given week is not signifi- 
cantly different from the general observation of sex ratio which is 1 : 1. 

PROBLEM 17.21. 200 digits were chosen at random from a set of tables. 
The frequencies of ihe digits were : 

Dern о 1 ; ТИ ОМ УУ 

Frequency 18 19 23 21 16 25 22 20. 21. 15 


Use the X? test to assess. the correctness of the hypothesis that the digits 
ere distributed in equal numbers in the tables from which these were chosen. 


_ SOLUTION. If we take the hypothesis that the digits were distributed 
90 Mu numbers in the tables as correct, the expected frequencies of the digits 


Digit -~ о ũ A (acne ROME» 
Frequency 20 20 20 20 20 20 20 20 20 20 
Substituting the observed and the expected frequencies in the formula 
Xtas { ae 


T 
1 
We Bet, 2 


„ (18—20? , (19—20€, (23—20), (21—20° — . 
* —9— : +0907 + Em Т 
(25~-20)2 22—20)? , (20—20)? , (21—20) 
pU QOL p URL EU 


+ (15—20)? 


a i F1--9--10 4-164-254-44-0-- 14-25) 
243. 
The nuniber of degrees of freedom 
*(c—1) =- (10—1) (2—1) #9 
* 33 " 
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The 5% value of X? for 9 of freedom is 16.919. The calculated 
value of X* which is 4.3 is thus less than this figure. Hence the hypothesis 
seems reasonable and correct. 

PROBLEM 17.22 12 dice were thrown 4096 times oida throw of 6 was 
reckoned as success, the observed frequencies were as given bel w :— 

Suecess 0 1 2 3 4 5 б 7 koe 

Frequencies 447 1145 1181 796 380 115 24 8 


Find the value of X* on the hypothesis that the dice were unbiased and hence 
show that the data are consistent with this hypothesis so far as the X* testis 


SOLUTION. If the hypothesis that the dice were unbiased is correct, the 
chance of a 6 with one die is 3. Hence the chances with 12 dice of getting 
12.6's 11,6's etc., are the successive terms in the binomial expansion (}+)'*. 
Hence frequencies is 4096 throws are the terms in binomial 
expansion (5+ 5)'2 х 4096 and are given below :— 

Success 0 1 2 3 4 5 6 7 &over 

Frequencies 459 1102 1212 808 364 116 27 8 


Substituting the observed and the theoretical frequencies iu the formula 


—sf (ff 
5 
We get. 
(441—459)? 
Eum t 
(1181 —1212)2 , (796—808)? | (380—364) 
1 
ү из—пбг | Q4 20, (в-в? 
116 27 8 


0145—1102)? 
iva 


__ 144 1849 961 144 256 1 9 Ore 
—45 + nor ur $8 3e nne tap te 
The number of degrees of freedom. 
=8—1=7. 
The value of X? for 7 degrees of freedom at 5% level of significance i$ 
8 The calculated value is much less than it. DR proves that the hype 
2 5 Meca "S у ps are consistent with the hypothesis. " 
23. number of males in each 106 eight-pig litters w 
found, and they are given by the following frequency distribution. — 
Number of males per litter 0 1 2 3 4 5 6 F & mu 
Frequency E 22- 25° 25° ,, 


Assuming that the probability of animal being male or female is even (bts 
p=q=4), and NEL) qutm follows the binomial’ law, calculate the 
expected frequencies of the nine classes. Find also the value of X? to test!" 
goodness of fit, 


SOLUTION. Taking the hypothesis as correct, the chance of getting # 
male animalis }. Hence the chances of getting "d under, 7 males, etc., in one 
fu ae i a ,Quccessive terms 105 the binomial CT 
( N ical frequencies in 106 eight-pig litters are 
in ath which are as NOI Bie E 
Neber o каш pur „„ 
Frequency 4 33 116 232 29 232 11633 4 1%. 
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To calculate Х?, we merge the first two and the last two cell frequencies into 
so that they may not be less than 5. Now our data are 


of males per litter O and 1 2 "A 6 7 and ^ 

Frequency » aM x M 5 

ical Frequency 37 11.6 23.2 29 232 116 3.7 

Substituting the observed and the theoretical frequencies in the formula 
2 

s = } 

get, 


(5—3.7* , (9—11.6)2 (22—23.2)2 , (25—29) 
Af — 3 t+ — 
(26—23.2* (14—11,6)2 (S—3.7)? 
232 11-6 37 


=46-+.58+.06-+.55+4.344.5+.46=2.95 
The number of degrees of freedom 
=(с—) (r—1)=(7—1) (2-1) =6 
The table value of X for 6 degrees of freedom at 5% level of significance 
12.592. The calculated value is much less than this figure. | we may 
M there is correspondence between theory and practice ог in other words, 
is good. 
Note:— One of the conditions for the application of the X? test is that no 
ical cell f. equeney should be small. „It is hard to say what constitutes 
liness, but 5 may be regarded as the minimum. 
PROBLEM 17.24. Ten coins are tossed 1024 times and the following fre- 
les observed. 
No. of heads 0 1 2 3 4 3 E La 
Frequencies 2 10 38 106 188 257 226 128 59 7 3 
How does this compare with a normal distribution ? 


SOLUTION. Let us take as our hypothesis the supposition that the coin is 
and the distribution is normal. If this be true, the chance of getting 
gtc., in a toss of ten coins are the successive terms in the 6276 0 ) 


the theo; t ost: the terms in 1 and 
às (o оа! frequencies in 1024 tosses аге 


Nia o i: — ↄ P 
mencies 1 10 45 120 210 252 210 120 45 10 1 


To calculate X2, we merge the first two and the last two cell frequencies in 
80 а5 to make them greater than 5, 


o and 1 f)); БИП ERICH 
Frequencies 12 38 106 188 257 226 128 59 10 
UEM Frequencies 11 45 120 210 252 210 120 45 11 
"bStituting the observed and the theoretical frequencies in the formula 
X-s[ (ff) 

Ec 
tet, 


= 2—11} 2 120 (188—210)? 
X- _ = ) GE ые ر(‎ 


5 


(257—252)? , (226—210)? , (128—120) 
+ ee 2 


E. دي‎ «q 10-117 
Tom 
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= 1094-1.094-1.634-2.3+-.1 +1 .22-+.53-+4.36-.09 1141. 

The number of degrees of freedom 
e- = 9—1) (2—1) =8. < 
The 5% value of X? for 8 degrees of freedom is 15.507. The calculate 
the hypothesis appears reasonap 


value is much less than this figure. Hence, 
and the observed distribution compares well with a normal distribution. 


PROBLEM 17.25. The following table shows the number of people inter- 
viewed by age groups and the number in each age group estimated to have peptic 


ulcers. 
. [эж |u | srs 
pater [rre 


Do these figures justify the hypothesis that peptic ulcer is equally populari 
all age groups ? 

перана If peptic ulcer was equally popular іп all age groups then 
in each (sar x 100 ) or 6.5% ofthe people should suffer from it. 


observed and expected frequencies would be as follows :— 


a 


e 


Age group 


Nos. Interviewed 


_ UB} | (6—19.5 P (88—73)? (96—89)? 
Ж n AS ow Нр a 
+ qn “ ($6—40.5* | (12—10* 56.6 


For 6 degrees of freedom the value of X? at 5% level of significa 
12.59, The ca ted value is much higher than this dnd as such the results 
significant and the hypothesis is not justified. f 
PROBLEM 17.26. Two investigators draw samples from the same gs 
order to estimate the number of persons falling in the income groups “Роби 
“middle class, “well-to-do” (The limits of the groups are defined in ttr! 
money and are the same for both investigators.) Their results are as follows: = 


Show that the sampling technique of at least one of the investi 
suspect. 
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SOLUTION. Let us take as our hypothesis the supposition that the x 
technique of both the investigators is the same and beyond suspicion. If 
this be true, and as both the samples have been drawn from one tion, the 
wo samples should contain almost same proportion of "poorer," middle class” 
ind “well-to-do” people. On this basis the theoretical frequencies would be: 


Substituting the observed and the theoretical frequencies in the formula, 
xis [ О) 
557 


We get, 
xi. 140—154): 4.(100—82* , (15—19) y 040—126) 
"Uds НИ 
(50—68)? , (20—16) 
„ 
196 324 4.196 , 324 


= +. 16 — —— 
J 
The number of degrees of freedom 
` =(e—1) (r- 1)28—10) Q—1)—2. e 
0, The value of X? for 2 degrees of freedom at 5% level of significance is 
1 which is much less than the calculated value. Hence the hypothesis does 
hold ground and suspicion arises in the sampling technique of at least one of 
investigators. 
PROBLEM 17.27. In experiments on pea-breeding Mendel obtained the 
| following frequencies of seeds : 315 round and yellow ; 101 wrinkled and yellow ; 
i round and green ; 32 wrinkled and green. Total 556. Theory predicts that 
Me frequencies should be in the proportions 9: 3: 3 : 1. 
Examine the correspondence between theory and experiment. 
p. SOLUTION. On the theoretical considerations, the frequencies should 


16 
sie =13.38. 


Round and yellow n 313 
Wrinkled and yellow ж lis 
Round and green ET 104 
Wrinkled and green oe 35 

Substituting the observed and the theoretical frequencies in the formula, 

Xing { 0—7 y ) 

۷ h 
* get, 
$ жа. (315—313), (101—1092, (108—104# | 02—39 

r 35 


= 


4 9 16 9 
33 t Tot io +37 2,91. 
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The number of degrees of freedom is 4—1, or 3. 


The value of X? for 3 degrees of freedom at 5 % level of significa 
calculated value is much less than this figure. Hence there apr 
very high degree of correspondence between theory and practice. 


PROBLEM 17.28. Genetic theory states that children having | 
blood type M and the other of blood type М will always te of one of th 
M, MN, N and that the proportions of three types will on average bei 
A report states that out of children having one M parent and om 
30%, were found to be type M, 45% type MN and remainder type i 
h is by X? test. 


SOLUTION. If the genetic theory be true, 300 children has 
parent and one N parent, should be distributed as follows :— ў 
Children of type М 75 
Children of type MN 150 
Children of type N 75 
The observed frequencies are : 
Children of type M 90 
Children of type MN 135 
Children of type N 75 - 
Substituting the observed and the theoretical frequencies in the 


xs ( Ол? 
(2) 
We get, 
(90—75)? , (135—150)? (75-—75)? 
* MA Hg TOL 


225 


PROBLEM 1729. Given the following actual and theoreti 
quencies (total 400) tesi the goodness of fit (degree of freedom 10). 


Actual 4, 11, 17, 29, 43, 56, 58, 63, 61 
ч, x^ Ee 
cal $i 7.9, 168, 30.3, 44.7, 59.1, 65 604, 47.5, 31.16,1 


SOLUTION. Substituting the actual and the theoretical fi 
formula, 


xi s [UA 
2E 
We get, 
xaO l4 46) (11—7.9** (1716.8 % 
e + 
43—44)*, (56—59.1)? , (58—65? , ( 
J.) cro t9 + 


тоу ＋ 05-3119* | 120—18.25)? 


31.16 18.25 
F =f га: 7 a 


8.8 5.3 
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| 36 961, 04, 019 рза 
= 6+ 75*i63* OI 47 ' 91 
49 6.76 182.25 37.95 3.06 04 1.69 
+ 5 oa 7415 * Sele * Tes * ЇЗ" 5 к sence 
The value of X? for 10 degrees of freedom at 5% level of significance is 
18307. The calculated value is much less than this figure. Hence the data 
denote a reasonably good fit. 

PROBLEM 17.30. Test the following data for goodness of fit (volume of 
trading on New Delhi Stock Exchange expressed as percentage of straight line 
“wend, 1957—1973). 

Class Marks 0 SE 2-4 dtc АЛЕ ЕБ Jos SM 
Observed frequencies 11 35 50 48 24 15 9 1 1 
Theoretical frequencies 15 
m abd n=204. [s the theoretical frequency curve а good 
а 
SOLUTION. Substituting the observed and the theoretical frequencies 10 


the formula 
(f 
* si — ) 
We get, 


_ (11—15) (35—29) * (50—48)? 
| E- LIES ost а 


| s- , 0—98 , 3? gi, 0 
„ 


( 36,36 4,25, 120, 60 AE T 
: . mn 


5 7 ан eS 
fit to the observed 


(48—43)? (4—35? 

E 
(10° 

2 


The number of degrees of freedom is 11—1, or 10. r 1 
degrees of freedom at 55, level of significance is 18.307 and at 1% level of = 
ficance is 2321. Therefore for the calculated value, 05. 
Hence, the conclusion is that the observed data presen 
cal frequency curve. E hic 

| PROBLEM 17.31. Jna certain cross the types represented DY Бе, in 

and bc are expected to ets in a 9:3:3: І ratio. The actual frequencies 
obtained were : 
BC Be bC be 


12 16 5 7 
SOLUTION. According toa theoretical 9:3 :3 : 1 ratio, the theoretical 
Tequencies would be: 
BC Ec 6 jn 
50 30 30 10 : 
S Substituting the observed or actual frequencies ап 
cies in the formula. 


| (Uc? 
Х?-5 { f h } 
(102—90)? (16—30)? 
хы ODE +: 


d the theoretical frequen- 


We get, 
(35—30* | (7—10)? 
30 10 


. 144, 196 , 25 9 9.87 
EM | 3. The value of X° for 3 
The numbei f freedom is 4—1, OF, 2" e va 
degrees of freedom. i A p=0.05; and 11.34 when p=0.01. Therefore 


the calculated value of X? lies between these two values, hence the fit is 
Poor, 
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PROBLEM 17.32. Test the goodness of fit of observation to 
ig ratios $ 


SOLUTION. According to the given ratios, theoretical freq 
four observations would be: 


A a 
u) 126 42 
(2) 270 90 
(3) 66 66 
(4) 240 16 


2 AE 
* s f * 1 
Where f represents the actual or observed frequencies and f, the ex 
theoretical frequencies 
We get, 
servation: (134—126? , G34 –42)8 
X? for the first observation 6 5 


Q40—270? (120—90) ч 
20, 90 IA 

900 900 

= 570+ 90 = 13:35. * 

(76—66) | (56—66)? 

660 66 


X? for the 2nd observation -~ 


X? for the third observation — 


ion. (243—240)? , (13—16)* 
X? for the fourth observation = + Теш 


The number of degrees of freedom in each case is l. For 
freedom the value of X? at 5%, level of significance is 3.841. Judg 
value, the fit in the fourth observation is excellent, in the first 
good, while in the second, it is extremely poor, 


PROBLEM 17.33. Number of previous children by present husba 
0 1 2 d 4 
17167 1861 124 2 1 


... Compute the expected frequencies on the assumption that th 
distribution and apply the X? test of goodness of fit to the data, 


SOLUTION. The Poisson distribution is given by * 
= Ke n isthe mean. 
P (x) pera where т is the 
The mean of the above distribution =m 


— 1—0.1106 40.0061 —0.0002— 1.0061—0.1108— 0.8953 
LC 05 e e7 11039 8953 2. J, 09):=0.8953 x 19155-17150 


MM 


a. (0.1106. (0.1106)? (0.1106 

ge lies (1 0.1106 + on _ „ — ) 
080.8953 50.1106 0.0990 . J, (1)= 0,0990 x 19155 1896 

qua 


--1106 = 0.99 х.0553 . f, (2)=0.0055 x 19155=105=0.0055 
= 0.0055- 


=t qua 71160— 0055 x 0369 . f, (3)=0.0002 x 19155=4 


— 0.0002 


Auen. > 
Б: ) c7 :1109,.0,9002 x 0276 . fy (*)=0.000055 x 19155= 0 


d. —0.000055 
The theoretical frequencies are 17150, 1896, 105, 4 and 0. 
Since the frequencies in each of the two cells are less than 10, we group the 
three T in the calculation of X2. 
17167 1861 127 
17150 1896 109 
um : 17 —35 18 
UM: 289 1225 324 
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(0 « 17167) +(1 > 1861) +(2 « 124) +(3 х 2) (4 1) 

19, 155 ў 

0 + 1861 + 248+6_ 2,119 

шиш = 19155 0185 

. The Poisson distribution is given by 4 218) e. "1199 

Calculation of the theoretical frequencies : 

| a D? . 00168 06460 2905 


NR uos D? 13,6354—3.64 (approx.) 


No. of classes=3 
Degrees of freedom—3—1 =2 
and vA e one 1 froid he. dett, pa 
egree of freedom, vel of value of X*—3 
The observed value of X? is less than this and, 8 not pete 
PROBLEM 17.34. 192 families ( for each of which the possibility of an 
— — being born is Eo established) had the following distribution of. 
Albinos among the first children. 


No. of albinos No. of families 
0 77 
1 90 
2 20 
3 4 


— 


fa di being bor he goodness of fit, Es 
15 chil ld being Find 2 сеа ed given p, test whether it significantly 


192 
un the expected frequencies on the basis of a theoretical bere 17 0. = re 
lates from the h ypothetical value 0.25. 
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SOLUTION. The probability of 0, 1, 2and 3 albinos 4 
terms of expansion of (34? 2 
They are 0—$1 
ا‎ 
5. 
се d 
.'. Theoretical frequencies аге 192 (27,27, 9 1 ус 81 
Testing Goodness of fit. Bnet — 
Since in the last group, the frequencies are less thaa 10, we com! 


4th groups. 

1 

81 

30 
Total 192 


No. of classes 3 

Degrees of ſreedom 3—1 —2 

For 2 degrees of freedom os level value of X? is 5.99. Si 
value of X? is less than this value and therefore not significant. 

We can use the X? test for testing the hypothesis that a num 
samples correspond to variables having the same distribution 
the distribution. : 

PROBLEM 1735 The following table gives the number of 
and girls far each of twelve: months. Are these data consistent Wi 


that there is during all twelve months a consistent probability that 4 
will be a boy ? ides 3 


J» УШ y s o 10 B 
ths ч 


Boys 3743 3550 4017 4173 4117 3944 3964 3797 3712 3512 3392 


Girls 3537 3407 3866 3711 3775 3665 3621 3596 3491 3391 3160 
Total 7280 6957 7883 7884 7892 7609 7585 7393 7203 6903 65. 
SOLUTION. Our hypothesis is that there is during all 
constant probability that a new born child will be a hoy. 
On this hypothesis the estimated value of this probability 


_ 45682 
Е 723 =0.5173 
or calculating X? we note that each of the 12 observations 
(1) cases where a new born child is а boy and (2) cases where a 
is nota boy. The estimated probability of the laiter event 1—0. 
EH The theoretical frequencies for each month are given in 
Calculation of X? 


Contribution of one item to x2— K ser p i fini) a 
1 


ni (1—р 
3 pri 
P(l—p) xi ` 
. 1 (fi—pni) 
ха ЖГ» 2 
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Theoretical 
Total Frequency 
(ni) (Boys) pni 
3600 


7280 3767 


6957 
4079 0.4876 
4080 1.0972 
4084 0.2645 


© go ف‎ Ф UA 4 ә Ro 


1 
T — > i 
EX 0 5178 U 4825 x 3.8316 15.3. 

For cach month we have two groups and, therefore, 2—1 
freedom. There are 12 months and one parameter (probability has been 
estimated). 

Degrees of freedom =12—1= 11. 

For 11 degrees of freedom, -05 level value of Х?=19.68. The observed 
value X? is less than this and, therefore, it is not significant. The agreement 
with the hypothesis of a constant probability is quite satisfactory. 

PROBLEM 1736. From the adult male population of seven large cities, 
random samples of the sizes indicated below were taken and the numbers of married 
and single men recorded. Do the data indicate any significant yariation among the 
і tities in the tendency of men to marry ? 


Marricd 
Single 
Total 


SOLUTION. Our hypothesis is 
the cities in the tendency of men to татту. 2 т 
On this hypothesis the ratio between the married si men in al 
T cities Will be Tro same ud the estimated value ofthe ratio wil be equal to the 


ratio in the total. 
The estimated value of ratio=980 + 20410: 3 
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Eel ЫИ eee 15, 
3x10 30 3 
T 


For each city we have two groups and, therefore, 2—1 =1 degree of free 
parameter has been estimated, therefore, degrees of freedom = 7—1 =b. 


For 6 degrees of freedom. .05 level value of X?— 12.59. The observed 
X? is less than this and, therefore, the test does not offer any evidence against 
thesis, 


PROBLEM 17.37. A certain hypothesis was tested b y (wo similar 
ments, which gave X*—14.7 for 9 degrees of freedom and XË —14.9 for 11 
of freedom. Show that the two experiments combined give less reason for 
dence in the hypothesis than either experiment alone. 


SOLUTION. X has got additive property. 


,., Thus the value of X? for two experiments combined is 14.7 +14.9=2% 
with 9.1120 degrees of freedom. 


Now from tables we find : 
For 9 degrees of freedom Х? = 14.69 is significant at .10 level 


For 11 degrees of freedom X= 14.63 is significant at .20 and X = 
Significant at .10 level, — 83 


and for 20 degrees vi ireedom, x2 28.41 is significant at .10 level. „05 leid 
values of X? for 9, 11 and 20 degrees of freedom аге 16.92, 19,68 and 31.41 re 
Pectively. None of the observed values of X? is significant at .05 level, all obser 
ved values being less than the theoretical values. But when we consider these 
10 level of Significance ме find that the observed values when compared wilt 
theoretical values, are not significant, but the combined value is significant at th 


el. Thus two experiments give less reason for confidence in the hypothe 
than either experiment alone. 


PROBLEM 17,38. 250 samples of coal, distributed according 10 ash 
centage. 


Percent Ash 


Frequency 


Can this be regarded as a sample from normal population ? 
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SOLUTION. (1) Calculation of the mean and standard deviation : 
Mid value 


9.495 x=17.495— 
10.495 =17.495—0.480 
сн =17.015 
13.495 ot Be - (C48) 
14495 -12 .2304 
15.495 1.0256 
16.495 Corrected c? 
17.495 =72,256—.0816 
=6.944 
. 02.635 


чә‏ ې ي هه 


(ii) Next, we have to find out the frequencies of the normal curve with the 
same mean, standard deviation and total frequency. 

In this connection we note that any of the class frequencies should not be 
less than 10, and therefore, we pool the first four and the last five classes: 


0.753 
1.133—1.512 


"875 | 0.222 
1.512 .168 


1.658 |0 


SX y (7—1)? 3.738 
Л 


the we are ten classes; and two parameters (x and о) were estimated from 


Degrees of freedom =10—1—2=7. 
For 7 degrees of freedom, O Os level value of X* is 14.067 


wey 156 observed value of X? is much less than this and, therefore. data agree 
Well with the hypothesis. 


\ 
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X* AND NORMAL DISTRIBUTION 


PROBLEM 17.39. Ina certain ‘thought transference’ ex, ‘iment a 
of cards with 5 different suits is used. The subject has to name the suit ofa 
picked at random and shown to the thought transferor in another room. Ome 
occasion 228 correct results were obtained іп a thousand such trials, Does 
indicate that the subject was not merely guessing ? 

SOLUTION. This problem can be solved by two methods. We 
solve it by these and indicate an important property of x? distribution. 


(i) By spolying the normal distribution : 
e fad that the mean value= } x 1000 200 and the standard 


Now the number of correct results is 228. Since the normal di 
=a $ontinucus distribution, 228 should be taken to cover the interval 227 


: : x—x | 227.5—200 27.5 
The standardized variate = ES. 74 1:5 22.74 
The probability that the deviation is more than 2.174—0.5— 0.4850 00 
The probability is small, and it is very unlikely that he was guessing. 


Right results 
Wrong results 


For 1 degree of freedom, .05 level value of X?—3.84. The difference is si 
ficant and it is unlikely that he was guessing. 

Now we come to the next point. When there is only one degree of freeda 1 
MX is a normal deviate with zero as the mean and one as the 
deviation. 

Thus x —J/ 4:99. 
VXIZQ./i90 =2.214 v" 
And the probability that the deviation will exceed by this amoun 
found from the table di hdanal distribution. The value is 0.5—0.4865—001 2 
The discrepancy between this result and the result obtained in () is accout 
ted by the fact х is a continuous distribution and, therefore, 28 must be 
the interval 27.5—28.5. This correction—called Yate's Correction 
made whenever the degree of freedom is one. 
Applying this correction we find : 


772.5 


1000.0 | 1000 
MX! —41265—2.17— = == 


The probability that the deviation will exceed by this amount can 
out from the table of Normal Distribution. This value is 0.5—0.49 
which agrees with the value arrived at in (i). ioc A M 

PROBLEM 17.40. In an experiment, it was found that for 

freedom, the observed value of Tva 60. Find out value of P, i-e., the? 
of exceeding this value in random sampling. 


ound 
peos 
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UTION. It will be seen that the problem cannot be solved looking 
DL because they tabulate values of y dim 


To solve this problem we use a property of X? i.e. when degrees of free. 
UN VE is Distributed ==} учасы normally—its mean beinga/2,—1 


The mean of the distribution of NN VN IN 


-7i =8.426 
And standard deviation=1 
‘Standard deviation = a - 03540406. 22.528 
In the table of normal distribution we find that the probability that there 
le a deviation greater than 
=2 (0.5—0.49426) 
= 0.00578 x 2 
70.01148 
"d arca in the figure) 
(if) There is another 
which is more accurate. s. £426 . 


x? 2 ^ 
tm is normally distributed about mean 1— ўу and with standard 


AER 
9y 


Now X*—60 and v—36 


LJ Sis the value of a normal variate, the mean of the distribution is 


2 
xR and variance вуг 
= 1710 _ | 1958; = 1—0,00617=0.99383 


Standardized Deviation 
In the table of normal distribution we find that the probability that the 
Maon will be greater than 2.44—2 (0.5—0.4927) 
=2x0.0073=P=0.0146. 
CO-EFFICIENT OF CONTINGENCY 


PROBLEM 17.41. The following table shows the association among 1000 
ol boys between their E ability and their mathematical ability. Calculate 
efficient of contingency between the two. 


General ability 


1838—0938 _ 041920 240 
— 0076 00786 
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SOLUTION. Proceeding on the hypothesis that the two а 
General ability and the Mathematical ability are independent, we get the 


table of theoretical frequecies : 


General ability 


19.6 


259.0 196.0 
80.5 85.1 64.4 


[aso | зо | оо | C S 


Substituting the observed (7) and the theoretical frequencies (il 
formula. 


xs pt) 


* (44—24.5* , (22—25.9* (419.6) 
2_ (44—24. (22—25.9) (4—19.6): 
EU яе 5 т5 — 


+ (265—245) , (257—259) 4.178196)? 
- 245 EE. 196 


(41—80.5* | (91—85.1)2 , (98—64.4)* 
J 80.5 a 5.1 1 
_ 025 , 1521 , 24336 , 400, 4 
AX 25,9 19.6 245 259 
1560.25 34.81 1128.96 
+ 496 + os tas Т _ 
=15,$2-4-.59-4-12.42-4-1,63-+-.02-+-1.65-4 19.38-+-.409-4-17.53 
= 69.14 
Substituting the values of X* and N in the Pearson's formula 
= E 
= нын 
Where С represents the co-efficient of Mean Square Contingency 
We get, 


69-15 
C «X 70007654 = .254 


Thus, the co-efficient of contingency is .254. 
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SOLUTION. Proceeding on the hypothesis that the two attributes, Eye 
colour and the Hair colour given in the contingency table are not associated, we 
get the following theoretical frequencies. 


Substituting the observed and the theoretical frequencies in the formula 
XS (7—1) N 
(А 


We get, К : 
_ (15—16)* , (5—8)? (20—16)? 
-er Е 


(20—20)? , (10—10)* _ (20—20) 
+“ oer Et 
—24)? 15—122 2 
+t EE + cur 
- P is 9.4. 31 
=o *^8 * 16 * 20 20 10 . N 1 5 + ا‎ 
Substituting the value of X and N in the Pearson's formula 
— 
С VN NX 
5 where C represents the co-efficient of Mean Square Contingency. 
e get, 


c 37 

150733 = 

EC Thus, the co-efficient of. Mean Square Contingency is 33 which indicates 
is poor 


that the association between Eye colour and Hair colou 


PROBLEM 17.43. The following table shows the association among 1000 
Criminals between their weight — pe Calculate the ‘co-efficient of contin- 


gency between the two : = 
24 
30 
270 


50 102 
30 
80 140 
ight and mentality are 


SOLUTION. Assuming that the two altributes we 
I f we get we folios ing theoretical cell frequencies. 
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Z 
90—120 |120—130 | 130—140 | 140—150] 150 
upwards 


216 192 
54 48 
Substituting the observed and the theoretical frequencies in the formula. 


xt-s( br ): 


We get, 
xí—-(0—64? , (102—112)? „ (198—216, (210—192)? 
r 152 


4 (240—216)? + 0—16)? ,08—28* hi (72—54)? 
216 16 1: 54 


+ (30—48* , S aid 


196 | 100 324 , 324 , S76 1% 100 
64 “її? * 2I6 * 192 et 16 ^ 28. 


m CAE 376 „49.047. 


Substituting the value of X? апа N in the Pearson's formula 


К' 
С=\ NxX: 
Where C represents the co-efficient of Mean Square Contingency 
We get, 


СА 49.047 
= 1000+ 49,047- = 216 
Thus. the co-efficient of contingency between weight and mentality of 100 
criminals is .216. 
PROBLEM 17.44. The data in the following table were obtained in a cross 
between a rust resistant and a susceptible variety of oats. The Fa families wert 


red for reaction to rust in the seedling stage, and in the field under ordinary 
epidemic conditions, ‘Bellic 


Table 


Classification of Seedling and Field Reactions of 900 Fy 
Families of oats. 


Seedling Reaction 


| Resisam | Segregating Susceptible 


Field Reaction 


Resistant 37 
Segregating 49 
Susceptible 175 


‚Тез! the significance of the association in this table, and calculate the €? «d 
cient of contingency. 
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ON. Assuming that the two attributes under consideration are 
we get the following theoretical cell frequencies. 


; (1123812 (51—104)? (37—58 Ы 
ee д) (OH 


(471—950, (404—260)? 4(49—149* 
—ͤĩͤ V 


(12—38)* (13—104)? 175—58)* 
E 3: 55 Maur CUT 
^i 5476 .2809 441 2304, 20736 
| "OW. tm 5 95 7260 — 
4 9216 676 8281 , 13689 = 
di #738 + 04 * — 679 72; 
Substituting the value of X* and N in the Pearson's formula. 
x2 
EN NX% 
Where C тергезеп! 


с 
ts the co-efficient of Mean Square Contingency, 


"get, 

- 679-12 
c= 900567777 = 656 M: 
Thus, the co-efficient of contingency is 656 which is indicative of the fact 
that the association is significant. E 

PROBLEM 17-45. 1000 subjects of English, French, German, Italian 

Spanish nationality were asked to name their preference among the music of those 
‘Nationalities. The results were as follows— 


Nationality of music preferred 


75 
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Discuss the association between the nationality of the subject and 
lity of the music preferred. 
. Let ustake as our eia щн the supposition tl 


SOLUTION. 
attributes, viz., nationality of mı ie and nationality of subjec 
dependent. If this be true, S reduce would be: 


Nationality of music preferred 


Substituting the observed and the theoretical frequencies in the formul 


We get, 


xt SL 00—156), es +61505, 


BUS 35: 8 TEM DIN arse Bug s rum S 
5-59 6): puru буз 1 89.60 en: 6)? 
л 53 NEED bi 
+ 30—59:б% 6? (471—486)  (41—486? , (36— 
PE OW ae 


тү. 
* (76—48:6? + 043—487 6)? 
neo. Ает 


48° 
3040.4) , (40—40.4)? , (22—40.4)2_, (44—40.9* , (667 
(LOL LO От 04 8 


2058.90 3136, 12.96 16 51.16 
t 
439104, 97544 | 163.84, 24964 , 295.84 
F 
4237.16, 309.76 , 2246.76 24336 , 876.16 
39 * 396 + 59.6 396 35.6 
4-256, .5476 158.76 , 75076 , 31.36 
7486 *-486 * 486 ^ 4&6 ^ 486 


6 
, 108. d. 16 ir ga 12.96 T3 [339535 
nA а — of X? and M in the Pearson's formula 
C= 
Vox 
Where C represents the co-efficient of mean square con tingency 
We get, 


T Pee 
© = oii 02 
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Thus. the co-efficient of contingency is .4 which indicates that the association 
between the nationality of the subject and the nationality of the music preferred 
is possibly significant. From inspection of table, the contingency is positive 
which ans at whole — . music of their own 
rationality ut there are е ions, e.g., Е! who on the whole t 
have preferred the music of German nationality. mut 


PROBLEM 17.46. Discuss the resemblance of stature of parent and off- 
pring from the following :— 


7 
F 
S SOLUTION. Let us take as our hypothesis the supposition that the 
attributes, viz., stature of parent and stature of offspring are 
this be true, the theoretical cell frequencies would 


two 
If 


Very Tall 
Tall 
Medium 
Short 


Substituting the observed and the theoretical frequencies in the formula 
2 
* s {FD 
E. UI 
ys. Q0—29? , (80—239)? Q0—243* , (Q—209 
وور‎ - Hi ' 39 : 


d4 s4p BSBA , (5—799* , (268.9? 
£089) CM 0*7 + 84 - 


617395 (440—143.8 , (165—146.4)* 125—125.5)* 
rs + 71835 + - 4 m 


173 1464 
(3—10.4)* (37—85.9)2 , (6—87. Ы (151—75.2* 
+S + So + 895 ^ 752 
292.41 37.21 18.49 357.21 


P 
2116 , 2171.59 » 2104, 318026 
94 * 7&4 798 
204.49 1444 , 34596 , 25 
173 * 1438 71464 * 1255 
54.76 2391.21. 380.25 , 5745.64 . 
104 88 i, 07 
Substituting the value of X? and № in the Pearson's formula 


We cuv 
c- LE 
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where C represents the co-efficient of Mean Square Contin 


We get, 
c= ^, 32515 ^ =.495 
1 325.15 


Thus, the co-efficient of contingency is .495 which indicates that the 
ation between the stature of parent and thc stature of offspring is sig 
From inspection of the table, the contingency is positive which means that 
is resemblance between the statures of the two. i 


REVISIONAL PROBLEMS-17 


PROBLEM 17.47. Two research workers classified some ! 
groups оп the basis of sampling studies. Their results are as follows : 


Show that the sampling technique of at least one research 
defective. 
(For 2 degrees of freedom, X? value at 1% level of Hed 
m 


PROBLEM 1748. The table given below shows the data obtained 
an óutbreak of small pox : 


A 


Attacked Not attacked 
Vaccinated 31 469 
Not-Vaccinated 185 1315 


Test the effectiveness of vaccination in preventing the attack 
pox. Test your result with the help of X? at 5% level of significance. 
of X? at 5% level of significance for one degree of freedom is 3.841. 

(Ans: X3—14.65, el 

PROBLEM 17.49. The following information was obtained in 4 

of 50 small general shops : 


Run by men 
Run by women 
"Total 


Сап it be said that there are relatively more women owners: 
shops in villages than in town ? 


(Ans : 
PROBLEM 17.50. Calculate the coefficient of contingency. 
A A. A 
в, m 6 Аз 1° 
B 5 12 15 { H 
ы = : (Ап; : C: 


PROBLEM 1751. Two treatments were tried out in a control of 
type of plant infection, and with the following results— 
Treatment A : 200 plants examined and 24 found infected. P" 
Treatment B: 200 plants examined and 9 found infected. 
. . May we conclude that treatment В is superior to treatment A inc 
this type of infection. ? 
(Ans: X3—645; V=1; X* 0.052 
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PROBLEM 17.52. A normal distribution was fitted to the distribution of 
sew business written by 100 insurance agents with the following results : 


New business (000 Rs.) 10-20 20-30 30-40 40-50 — 50-60 
Observed Frequency 10 20 3 22 15 
Expected Frequency $ 22 32 25 12 
Apply X? test. 


(Ans : X2=1.43.) 

PROBLEM 17.53. The following figures ibution of ts 
r iod RO a RE ake - 
|^. Digit 0-31 2 F 
Frequency 1026 1107 997 966 1075 933 1107 972 964 853 10,000 

Test whether the digits may be taken to occur equally frequently in the 


(Ans: x? = 58.542; V = 9, x? 0.05 16.919 
PROBLEM 17.54. A die is thrown 180 times with the following results : 
No. turned up 1 2 3 4 5 6 
Frequency 25 35 40 22 32 26 
Test the hypothesis that the die is unbiased. Я 
(Ans: 3827.78: V 5, х? 0.05—11.07). 


PROBLEM 17.55. A certain drug is claimed to be effective in curing 
cold. In an experiment with 160 persons, half of them were given the drug and 
half of them were given sugar pills. The patients’ reaction to the treatment is 
recorded in the following table : 


Helped Harmed No effect 
Drug 52 10 18 
Sugar Pill 44 10 26 ! 
Test the hypothesis that the drug is no better than sugar pills for curing 
colds at 5% level. 
(Ans : x? =2.12). 


PROBLEM 17.56. An experiment was conducted to test the efficacy of 
chloromycin in checking typhoid. In a certain hospital chloromycin was given to 
p of 400 patients suffering from typhoid. The number of typhoid cases is 

ollows : 


Typhoid No Typhoid Total 
Chloromycin 49 260 » 
No Chloromycin 60 40 im 
100 300 TAE d 
With the help of x? test find the effectiveness of 9 5287.0 


eee » 


Sampling of Variables—Small Samples в 


In this chapter various tests of significance have been applied to small samples 
First of all problems have been done to test the significance of the Mean in small 
samples. In most of these problems / test has been applied. The fol 
Dru which have been explained at places where thy are used have been 
use of ;— 

(i) To test the significance of the mean 


. Vr 


Gi) To test the significance of the difference of two sample means 
2 *I. 


5 I where 


S= [201—5 Hai) 
"Боа 


(Ш) To test the significance of co-efficient of correlation 
Vin? 


t= 


VA 
Correlation can also be tested by ‘z’ test 


1 
z= 10810 T x1.1513 


1 
Standard error r 


в) То тен the significance of the difference between two sample co-efficiems of 


Co-efficients of correlation are first converted in 2 by the formula use 
followin then the standard error of the difference of two z's is calculated by the 


$64 Ip; eS 


At this stage “т” test can also be applied. 


» 


en 
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In all the above cases the calculated value of “т” is compared with the table 
and the conclusions are drawn. 


SIGNIFICANCE OF MEAN 
PROBLEM 18.1. Ten individuals are chosen at random Дон а mis and 
heights are found to be, in cms. 163,163,164,165,166,1 ,169,170,170,171. In 
light of these data, discuss the suggestion that the mean height in the universe is 
сту, 
SOLUTION. Calculation of the average height and йз standard deviation. 


No. of individuals 


Height in Deviation from 
centimetres the zd (167) 


з толь о юе 


о о о 


- 


А ; И. Zm 1670 — $ 
verage height of the sample „ ص دف‎ 167 cms. 


Standard deviation of the height of the sample is 
Ха? oes 
اک ن‎ / 10 1 =3.13 cms. 


0= 1 = 
Substituting these values in the formula. 
х--т x 
[1 yn 
Where x represents the mean of the samp! m the mean of the aniverse, o the 
deviation of the sample and n the number of observations. 
We get, 
MSET 
3.13 


t=. 


y 10-202 

The number of degrees of freedom is n—1—9. 

me Ide value freedom at 5% level of significance is 2.262. 

Да сіц о е less than the table value so at 5% level of 

be this error could have arisen due to fluctuations of sampling and it can 
Said that the mean height in the universe is 165 cms. 


PROBLEM “Students” t" for the following variate values in a 
Ample of 10 пш), лу ai fs ЖЕТТИ КТ, ; taking m to be zero. 
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SOLUTION. Calculation of the mean and the standard deviation. 
the sample. E 


Values of the items 
(m) 


Deviation from the 
average (—.7) 
(d) 


Standard deviation of the sample 


d ; 
teer Jur Sg 


Substituting the calculated and the given values in the formula on ей 
8 ) 


Fm ,(— 
a Vn 


We get, 


—7—0 
Im I 
=—0,662. 

PROBLEM 18.3. The heights of t taken at random froma 
Population were 163,164,165, 167 168, , 109.170, 1 72, cms. respectively. Da 
data support the hypo, hesis of a population mean of 166.1 cms. ? 

SOLUTION. Sample Mean =F 1507 cms, 167.4 cms. 


Sample variance gt EGA 
= 


xz —21.16-+19.36-+11 $645.76 4-0.16--0.36--2.56--2.56--6.76 


— ETS 9461038171589 10m 
4ے‎ 227.80 


S6 084/780 2.793 
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E _1614—161 UI. .13x3162 
Now, t= тут. 66216170. — 


4.1106 Y 2 d 
=z 7147: Degrees of freedom—10—1—9 


From the table of (1) we find that for 9 degrees of freedom, 1=1.83 is signifi- 
cant at 0.10 level. The observed value of / is less than this and, therefore, not at 


all significant even at 10% level. 
The hypothesis is consistent with the data. 


PROBLEM 184. A coin is tossed 16 times and the number heads noted. 
This experiment is made 10 times. The number of heads shown are 355; ,8,10,9,2,7,4,8 
respectively. Is it likely that the coin is biased ? 

SOLUTION. If our hypothesis is that the coin is unbiased , їп that case the 
mean m=8. 


Nah Mean . EE ES 


251603 
106 
СН 4 
Sample Variance аяа аклана 


68 
= =7.556 
. о=2Л49 
¥ —À 710 162 _ 6.324 
G—m 37. GED E = =2.30 
= Pyn - eL 7 = 9 249 
Degrees of freedom=10—1=9 ; 
d that for 9 degrees of freedom 1—2.26 is significant for 
os gp ehe p of tis greater than this and, therefore, significant. 
The hypothesis is doubtful, /.e., the coin is biased. Ж 
а 


lation 

PROBLEM 18,5. Ten individuals are chosen af random froma ро! ^ 
their r d to he In cond. a ere , e ОАО РВ, - 111. 
Du light of these data discuss the suggestion that the mean igi 


66 стз. 
woul i le or 
до uestion the value of the mean of the samp! 
18 d Ee Pam Md abd the value of standard deviation or 7 would come to 
cms, 


As such the value of 

] SENEU 2 
E ; of freedom is 2.262. 
ference may be due to 
height of the universe is 


At 5% level of significance the value or for 9 de 
The calculated value is less than this and bag ports 


› sampling fluctuations and it can be sal 
166 cms, 
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a IM 18.6. A machine which es mica insulating washers for uw. 
devices is set to turn out washers having a thickness of 10 millimetres. 2 
EL d s an average thickness of 9.52 mm. 
A sample of 10 washers has thick f 9. 
„ 0.60 mm. Find out the significance of such a dicit 


SOLUTION. Substituting the given values in the formula 
س‎ Уп 


whee Ze he mean of the sample ; m the mean of the universe; 
the standard deviation of the sample; л the number of observations ia 


We get, 
9.52—10 
= бг М/10 =2.5296 or —2.55 Approx. 


The number of degrees of freedom is 10—1, or 9. The value off 
degrees of freedom at EY level of «significance is 2262. The calculated va 
greater than this. Hence, the deviation is significant. 


PROBLEM 18.7. [dus of a Soya sample of 26 items froma 
population is 42.5 units. The ‘sum о, es’ from this mean is 250. Isa 
mean of 45 units likely ? What are e (i) 99%, (i) 98%, and (iii) 95% 
limits af the population mean ? 

SOLUTION. Sample Mean : x—42.5 

Given : n—26 and У (x—x)*=250 
x5 250 


Sample Variance o? — = -g 10 
% M= 3.162 
ova — 2 — 26 3 2.5% 26 
9. I 


=—2.5 x 1.612= — 4.03004. 03 
Degrees of freedom—26- -1—25 
From table of t we find that for 25 degrees of freedom 1—3.73 із уйла 


- level of significance. The observed value of 1 is greater than this and, 
t. Itisvery unlikely that it is a sample froma 


ry highly significan 
bed mean of which is 45 units. 
(ü) Fiducial limits of the population mean: 


For 25 degrees of freedom we find : 
99% or. Ol level value of 1—2.79 
98% or .02 level value of 1—2.49 
9596 or .05 level value of 1—2.06 


ial li .162 
+ 99% fiducial limits of population mean —42.5-- 3162,29 
—42.5-1-1.73 or 44.23 and 40.77 
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98% fiducial limits of population mean =42.5 + bra, Toad 
42.51.54 or 44.04 and 40.96 
» 2 $ vs ADS 9 206 


42.5 4.1.28 or 43.78 and 41.22 


EI = i A — stimulus administ rr; 1 1% * 
ti Increase blood xo — 8 an 
е Td the stimulus will be in ral accompanied by 


оо N t^ 
= 


1 
3 
0 
6 
—2 
1 
5 
0 
4 


Mean of the Pes 
Fox 2 342. 58. 


Standard deviation of the rogi 


| ا‎ Gu EE ED -= 


дач o not result in 
in increase in blood pressure, that is 


Now, substituting these values in the formula 


m سر‎ 
Басі? 
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We get, 
t= 23-0 VIII 
=2.89 
Тһе of freedom is 12—1,ог 11. The value of ¢ for || 


number of degrees n - 

кр of freedom at 30% level of significance is 2.201 which is less than th 
ted value of г. So, the deviation is significant which means that the hyps 

thesis is incorrect. Hence it can be concluded that the stimulus will be 22 

accompanied by an increase in blood pressure. 


Note :— The original formula for the calculation of 
х—т 
7 


t= 


M RT: In small samples while calculating standard m 


formula used is o— IE this сазе we have used the formula 


| 2 in order to adjust the difference we have modified the formula for the ci 


culation of г by using iT instead of . 
PROBLEM 18.9. What is students “t” distribution? Explain its use 
small samples. 
Ten individuals are chosen at random from a population and their heights 
nd to be, in cms., 163, 163, 166, -167, 168, 169, 170, 170, 171,171. Inthe 
of these data, discuss the suggestion that the mean height in the universe is 166 
Given that V=9. P=.947 for t=18 
P=.955 for 1—1.9 


SOLUTION. Calculation of the average height and its standard deviation. 


Deviation from 
the average 
167.8 


س دم ن هھ هه ٩‏ ي ۵0 © 3 


Zm-1678 
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- Em 1678 
height of the sample = 5 167. Sms. 


Standard deviation of the height of tbe sample is 
T re а 


r 10—1=30! cms. 


bstituting these values іп the formula 
Fm 4/ n 
с 


"Where X represents the mean of the sample, m the mean of the universe, о the 
lard deviation of the sample and л the number of observations. 


We get, 
_ 167.8— 166 
ЕК As 
The number of degrees of freedom is n—1—9. 
is 2.262. 


5%, level of significance, i 
value of 7 for 9 degrees of freedom at 5% at 5% level of 


culated value of ris 1.89 and is less than the table value. а y 
nificance this error could have arisen due to fluctuations of sampling and it can 
lid that the mean height in the universe is 166 cms. 


. PROBLEM 18.10. The sleep of 10 patients was measured for the effects of 
ioporific drugs referred 10 in the following table as 2 and (2). From the data 


show that there is а significant difference between the effects of the 


(1) and (2) 


rom we e on the null hypothesis. ale од the зире 
there is no difference inthe effects of the two drugs, that is, the mean of the 
or m=0. 


Now, substituting the given values in the formula, 


1 
= Turpe: y n—l 
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We get, 
mv 10—1— 4.05, 


The number of degrees of freedom .10—1, or 9. The value of # for 9 degre 
of freedom at 5% level of significance is 2.262 which is considerably smaller li 
the calculated value. Hence the hypothesis is incorrect and there is a signi 
difference between the effects of the two drugs which is in favour of the second. 


Note :—As іп an earlier question, here also c has been calculated by 


2 d? 
the formula | r2 instead of | Ls and hence while calculating f adju 


has been made by writing ^/ 7—1 іп place of vin. 


x f 
PROBLEM 18.11. A sleeping draught and a neutral control preparation 
tested in turn (in random order) on 10 patients ata hospital and gave the fol 


results : 
[on of hours of sleep 
6 


. Calculate the appropriate value of '*t" to test whether the drug has any 
effect than the . preparation, 


SOLUTION. We have to test whether the drug has any greater effet 
there is no such effect, the expected mean difference in the result is zero. "№ 
our hypothesis. : 


Calculation of t 
Patients 


ب р ә‏ ها © ڼ ۵0 ا © 
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2 1?.9m;z ЛЕ za za 


10 
—10,86— 144 —1086—5.184—5.676 


dE _ 5.676 22382 
п—1 Lo 2< a 007094 


(d—o)4/ n 0.72 X3.162 
= ут ات‎ 


2.о= 


pt —2.867 


Degrees of freedom—10—1—9 


For 9 degrees of freedom, 1—2.82 is significant at 02 level, the о 
value of / is greater than this value and, therefore, the difference is Sh DM 
The results show that the drug has greater effect. 


PROBLEM 18.12. Eleven school boys were given a test in drawing. They were 
given a month's further tuition and a second test of equal difficulty was held at the end 
of it. Do the marks give evidence that the students have benefited by extra coaching » 
y : 


Marks Marks 
Ist Test 


2nd Test 


Фоо ALA UNS 


diffe SOLUTION. , Calculation of the mean and the standard deviation of the 
differences between the marks of the two tests : 


Differences of 
marks (2nd Test 
— Ist Tesi) 


Deviation 
from the 
average (1) 


(d) 


Square of 


deviation 


(d 


Bos| Marks Marks 


Ist Test | 2nd Test 


F 


о ооох cn 
| UP. RINT TS Га 


F.3s 
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Mean of the differences 

> Em 11 

Ж эн == ий 1 =1. 
Standard deviation of the differences 


Now, let us proceed оп the null hypothesis, i.e., On the supposition that the 
students have not been benefited by the extra coaching, that is, the mean of the 
differences between the marks of the two tests is zero, or т=0. 

Substituting these values in the formula, 


Xm 


F N 


We get, 
1—0 


=a 11—1482. n 


The number of degrees of freedom is 11—1, or 10. 


The value of t for 10 degrees of freedom at 5% level of significance is 2.228. 
The calculated value is considerably less than this value. Hence, the hypothesis is 
correct and the marks do not give any evidence that the students have |72 


the extra 
PROBLEM 18.13. 4 group of 8 psychology students were tested for their ) 
to remember certain material and their scores (number of items remembered) were 
follows : 
A B [^ D E F G H 
(1) 19 14 13 16 19 18 16 17 
They were then given special training purporting 10 improve memory and were 
re-tested after a month. Their scores were then : i 
(2) 26 20 17 21 23 24 21 18 
A control group of seven students were also tested and re-testea afteru month, but 
was not given any special training. The scores in the two tests were : 


J K $ M N о Р 
(1) 21 19 16 22 18 20 19 
(2) 21 23 16 24 17 17 16 


Compare the change in each of the’ two groups by calculating and test 
s 


there is significant evidence to show the value of the special training. 


SOLUTION. If special training has no effect, the expected mean. difference 
zero. This is our hypothesis. à 


First group : 


Ist test 


2nd Test (after 
special training) 


2-40 Za Û (ga204 ag ago 5-255 


d—ady 
. 200). = 33 رودو‎ 
. ٥.83 


For 7 degrees of freedom, 15.41 is significant at „001 level. The observed 
Of t is greater than this and, therefore, very highly significant. 


272 272 k 
24% — CA tas T C= TOI 7 o=2.54 


101667 0.1667 x 2.646 
20 e 13ے‎ 


Degrees of freedom—7—1—6 


For 6 degrees of freedom, 1—0.72 is significant at 0.50 level. The observed 
of tis less than this and, therefore, not at all significant. 


,Acomparison of these two values of ¢ shows that special training had some 


PROBLEM 18.14. The following table shows the average yearly mortality in 
© accidents per 100,000 population in 5 cities of a country for two three-year 


Rate per 100,000 
1959-61 period 


Determine wi 
е accide, 


hether or not there was а significant increase in the mortality in 
nts from the first period to the second. 
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SOLUTION. Calculation of the mean and the standard deviation of the 
differences between the mortality rates of the two periods. 


Deviation 
from the 
mean (4.1) 


(9) 


Rate per 
100,000 for| Differences 0) 
1970-72 deviation 


а) 


Mean of the differences 
х= LL 205 4 1 
n J 


Standard deviation of the differences 
PLE 24.8 2.47 
=] XI DIY / 5—1 T 

On the пш! hypothesis we ume that no increase has taken place in 
mortality in automobile accidents from the first period to the second, that is, t 
true mean of the difference or m. 

Substituting these values in the formula. 

n 


к= 


We get, | 
— 441—0 511 
Soe’ eF | 
The number of degrees of freedom is 5—1, or 4. „22% 
The value of г for 4 degrees of freedom at 5% level of significance ^ 
which is less than the calculated value, so the len from the hypothesi і 
E . Hence the hypothesis is incorrect and there seems to беа seo the 
increase in the mortality in automobile accidents from the first period“ 


A he 
PROBLEM 18.15. A farmer grows crops on two fields, A and B. On 
puts Rs, 100 worth of manure per wi auton B Rs. 200 A The net returns Р 
acre, exclusive of the cost of manure, on the two fields in five years are : 


Acre 


Other things being equal, discuss the question whether it is likely ro pay li 
farmer to continue the more expensive dressing. А 


1 
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SOLUTION. Calculation of the mean and the standard deviation of the 
ifferences in the net yields of the two farms: 


Square of 
deviation 


Deviation 
from the 
average (4) 


Field A 
Net yield in 
rupees 

per acre 


i Differences 
Net yield in| (B)—(A) 


(tm of differences of the net yields is 


X ex 2 — 2- =4 rupees, 
Standard deviation of the differences of the net yields. 


Ee 2 [22 24s 
sus 2 z^ - 2.345 rupees. 
| Now, we take as our hypothesis, the supposition that the dressing has got no 
"Kt on net yields, that is, the true mean of the difference, or m—0. 
Substituting these values in the formula 


Vn we get, 


=3,814. 


The number of degrees of freedom is 5—1, or 4. 


ls, The value of + for 4 degrees of freedom at 5% level of significance is 2.776 
rios, aller than the calculated value, 3.814. So, the hypothesis is wrong and 


Wxluded that other things remaining the same, it is likely to pay the farmer to 
“nue the more expensive dressing. 


|y PROBLEM 18.16. Why should there be different formulae for testing significance 
ference in means when the samples are (a) ‘small’ and (b) ‘large’ ? кре 


The yields of two types, “Туре 17" and “Туре 51" of grams іп Kil per 
Of the same size at replications are given below, What comments would you 
9n the differences in the mean yields ? You map assume that if there be 5 
* Of freedom апа P=0,2, t is approximately 1.476. 
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SOLUTION. Calculation of the mean and the standard deviation of the 
differences in the yielás of two types of gram. 


Mean of the differences of the yield is 
-—-' AM 9.86 
6 


х= =— = 


= 1.643 Kilograms 
Standard deviation of the difference of the yields 


— [= ^D fer 281 =2.7 Kilograms 


Now, we proceed with the null hypothesis, that the difference in the types has 
got no effect on yields, that is, the true mean of the difference, or m=0. 


Substituting these values in the formula 


We get, 


.643—0 
1——733 vV 6 1.486 
The number of degrees of freedom is 6—1, or 5. a 
The value of / for $ degrees of freedom at 2% level of significance is 1.476. 
The calculated value of itis greater than this sd Hence it sets doubt до б 


hypothesis and it seems that at this level of significance there is a difference in vie 
as corresponding to difference in the types of gram. 


ronm 18.17. ie а carry out — e Us 
content for ice-cream made by a certain firm. A sample is take. 

edem and the separate halves sent to the two laboratories. They obtain the follow! ing 
results. 7 


er Percentage fat content in ice-cream. — 


Batch No. n 
4 T 
Lab. B REBT ч 717 9316'6 


Is the testing reliable ? : 
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SOLUTION. ing i i i i 
emp n the mean of the difference in results 


| We shall calculate the mean and the standard deviation of the difference of 


Calculation of the mean and standard deviation of results of the tests. 


Difference of results 
(Lab. B—Lab. A) 


T 


+++ ا+ا 


! 

i 

IN se v 

ف داف ي بيا ف ديا ف دا هة 


+3 Z4*16.10 


Mean of the difference is 


x Em 735754 
ЖУО? 7. 


- Standard deviation of the differences 


d* 6.1 
a= [у= бг = 133 


| Taking the true mean as 0 and substituting the figures in the formula 
We get, 


Ета 


І 


We get, 


t= AV w=. 


we value of £ for 9 degrees of freedom at 5% e is 2.57. The calculated 
| value is much less than this and as зис the difference is insignificant and the tests 


_ have been reliable. 
PROBLEM 18.18. Find out the reliability of the sample mean of the following 
a :— 


04 cms. diameter harddrawn copper wire. 


Breaking strength of 10 specimens of 1 
Breaking-strength 


Breaking-strength 
in kilograms in Kilograms 
7 6 570 
7 7 570 
570 8 572 
568 9 526 
572 10 584 
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SOLUTION. Calculation of the sample mean and its standard deviation. 


Deviation from 
as. av. (572) 
(dx) 


1 +6 
2 0 
3 — 2 
4 —4 
5 0 
6 — 2 
7 — 2 
8 0 
9 +24 | 
10 +12 


— n | 


Mean breaking strength 
o» eee. кый 
x=x+ ^ = 572+ 10 5152 


Standard deviation of the breaking strength 
dix Tax \ 784 3 
e- J-E- 5-1) 


10 V 
=:8.26 kilograms. 
Standard error of the sample mean 
с 8.26 


= == 2.75 kilograms. 


9 mean — 
y aT 10—1 : 
Thus the sample meanof the breaking strength is 575.2 kilograms and its 
standard error is 2.75 kilograms. 
and shoulder height 


PROBLEM 18.19. The following data relate to the stature s 
of 10 boys taken once in the morning at 6 a. m. and again at night at about 10 p. т 
on the same day. Examine by appropriate tesis whether the morning averages ei in 
significantly from the night averages. [t is believed that certain portions , 
length in а relaxed position of the body so that the measurements in the pore Ad 
immediately after we get up from bed would have higher value. Con you i 4? 
which portion of the body, if any, does so on the basis of measurements provided 


Serial No. Shoulder Height 
of days [Morning | Night | Morning | 


© 10 00 wx AIA Ашм е 


~ 
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ТОМ. The data occur in pairs and, therefore, we apply 'The Diffe- 


Our hypothesis is that there is no significant difference between the 
In that case in the expected mean differece is zero. 


6 
0 
| 2d, a )ور‎ 8,10 734% 81073960704 


d1— 


om =0.0782 — o4—4/ 0,782—0.28 
pao Va. 0% Y T эң 
i : 


| Fo 9 degrees of freedom, /—4.78 is si at.001 level of significance. 
ved value of fis greater than this value and, therefore, highly й 
suggest that measurements in the morning have higher values—so far as 

is concerned. 


Shoulder Height Difference 
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а, = LS =0.06 


Eddi = 1.74 036 —1.74—0.036—1.704 


o= L0 0.1893 noy V/UT893 =0.435 


— 06x3162 18972 . 
t= 70435. 9.435 0.436 


For 9 degrees of freedom, 1—0.70 is significanteat .50 level. Observed value 
of t is less than this and. therefore, not at all significant. The data support the 


pothesis that sofar as shoulder height is concerned, there is no significant 
difference, 


A comparison of these two results indicates that shoulder height does not 
increase significantly. Naturally it is the neck length which increases. 


SIGNIFICANCE OF THE DIFFERENCES OF MEANS 


| * " ] 
PROBLEM 18.20. Howcan"'t"'testbe applied for testing the significance of the 
шне between two sample means. Calculate the value of t in the case of two 


characters А and B whose corresponding values are given below :— 
A e 40, 36, % 18 
B SETUP eO, 550.726, 26, ,29; 


SOLUTION. Calculation of the mean and the standard deviation of the 
samples A and B 


T f 
Deviation Square of Square o 
from the av. | deviation deviation 


(37) 


ХХ, 238 
. 
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Hence the difference of the two sample means is 
X, —X,—31—34-3. 
The standard error of the difference is 


з= NVA eee q seu 


m4-n,—2 


= ] 108:57 = 1074 


Now, substituting the values їп the formula 


Ne DL 


We get, 
t= Pat Oe wp y 


1 
104 V9 tT 
Thus, the value of t for. given data is .577. 
s below are for protein tests of the same variety 


8:21 The figure. 
PROBLEM T icts. In district 1 the average for 5 samples is 12.74, 


of wheat grown in two distri h 
i average for 7 samples is 13:03. If these are the only figures 
and in district 2, the 8 e ун 


available, test the significance of the di, 


the two districts. 
Protein Results 


District — . e.. 126 134 119 128 130 ; 
Danh 201.44 121% 13, 1% 1218 1135 13°3 12:7 124 
IN Calculation of the standard error ofthe difference of the 


SOLUTIO! n o 
average proteins fer the two districts 1 and 2. 


District 1 


District 2 


Protein 
Results 


ifference i istri 13.03 
The diffi between the a proteins for the two districts is 
12.74. or .29. The standard error A the difference is 
$ =з y Eo roy 

1, tng 
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zu 1.2320 + 9943 
= mV -22263 2472. 
a 
Substituting the values in the formula 
pn X» 
So E SU Rr 
"n Ng 
We get, 
12.74—13.03 


ES z—1.05 


т" .472х Tei 
The number of degrees of freedom is л, +Ng—2=5 + 7—2—10. к 
The value of г for 10 degrees of freedom at 5% level of significance is 
2.228. The calculated value is considerably less than this figure. Hence, it can 
be concluded that the average protein contained by wheat in the two districts | 
does not differ significantly. 
Note : + signs have no significance while we compare the calculated and 
the table values of г. 
PROBLEM 822. /s the difference between the mean scores of the two 
groups, with 8 and 7 members respectively, significant from the following data :— 
Ist group (8 students) ху: 19 14 13 16 19 18 16 17 
2nd group (7 students) x» : 21 19 16 22 18 20 19 


SOLUTION. Calculation of Mean and Variance 


— 
s [21] 


ж = 165, f 19386 


? 
Гоу 342212- 022" 


—2212—2178—34 
2 
2 (A 7a) —262)— cm 


=2627—2603.57=23.43 


— —— [А 
2 (хр) + хах, )2 
^ m *n—2 pr 
3 j 7, 
za S ж 6 а .. 0=2.1 


1 9 Ч 
Sx. [LU 9.7 тл, 
т м ng 
16.5 —19.286 —2.785 
= 21 ү = = × درو‎ 
= 2.785 x 0.92—2.56220 or 2.56 
Degrees of freedom —8.17—2.-—13. 


For 13 degrees of freedom, (2.16 is significant at .05 level. The observed 
— - greater than this and, therefore, the difference between the mes 
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PROBLEM 18.23. The heights of six randomly chosen sailors are in cms. 
163, 165, 168, 169, 171 and 172. Those of ten randomly chosen soldiers аге: 161, 
162, 165, 166, 169, 169, 170, 171, 172 and 173. Discuss in the light that these 
dita throw on the suggestion that soldiers are ‚ оп the average, taller than sailors. 

SOLUTION. Calculation of the standard error of the difference of the 
mean heights of the sailor and the soldier. 


Soldiers. 


Deviation Deviation 
Square of Square of 
deviation deviation 


Mean height of the sailor 
„1008 
xt ny = wF 

Mean height of the soldier 
3 
x n W 

Difference between the two mean heights is 

X1—X, = 168—167.8, or .2 cms. к 

Тһе standard error of this difference is 


S= | r EST 15.26= 3.9 
— +. 6--10—2 


Substituting these values in the formula 


t= od ener = 


= 168 centimeters 


= 167.8 centimetres 


— — 9 
3.9. +g 
The number of degrees of freedom is 
n + my—2 = 6 + 10—2, ог 14. c : i А 
ETL degrees of freedom at ol icance 
2145. "The caiculated value ie much less than this m So the difference 
the mean heights of sailors and soldiers is not significant. Hence the 
*igestion that soldiers are on the average taller than sailors is MM "S 
PROBLEM 18.24, Two horses, A and B, tested according to the times 
(in seconds) taken to a a particular track with the following results : 
Horse A 28, 30, 32, 33, 33, 29, and 34 
Horse B 29, 30, 30. 24. 27, and 29. 
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Analyse the above data апа report whether or not you can discriminate 
between the two horses, 


SOLUTION. Calculation of the standard error of the difference in records 
of Horse A and B. 


Square of Deviation | Square of 


deviation Records from deviation 
mean (28.2) 


f 29 à 
Уху=219 Ж(ху—ху)% Zx,—169 
У 


| 
264% 
Mean record of the horse А, 
4 A- „уы, 
Mean record of the horse B. 
| 
|| 


x= SO) -J9 22 


The difference in two means (31.3—28.2) 3.1 
The standard error of this difference, 


s- | Say 
“VO ae 
31.43 + 26.84 
V Phe 


T *6— 
єл SEN 21 =V5.297 2.302 


Substituting these values in the formula. 
Xie 


— е ПАШИ 
уа 
We get, 
3.1 
. 242 
2.3024) -+2- 


The number of degrees of freedom is m л, —2=76=2=11. 


The value of for 11 of freedom at 5% level of probability=22. 
— value i i А is signi t. Le. there 
is difference between beteo hee. his, hence the difference is significan 


PROBLEM 1825. Jna 


i students, the 
marks obi were as follows t examination given to two groups of - 


First Group — 18, 20, 36, 50, 49, 36, 34, 49, 41. 
Second Group— 29, 28, 26, 35, 30, 44, 46. 
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Examine the significance of difference between the arithmetic average of the 
marks secured by the students of the above two groups. 


SOLUTION. Calculation of the mean and the standard deviations of 


Deviation Deviation 
from the | Square of from the | Square of 
av. 37 deviation av. 34 deviation 


(Xg—Xg) 


Mean of the First Group 
. 
a 

Mean of the Second Group 


= Ex, 238 
x, E = =34 


Hence the difference of the two sample means is 
31—59237—34-3. 
Thc standard error of the difference is 


Е. | Ухх)? 
| ny4-n4—2 
(OHS VOT = 
N THT =V 108.57 = 10.42 


After substituting these values in the formula 


25 
(= 
L 
SX у 
We get, j 
3—34 
1 2.511 


— ر‎ 
! [ T 
10.42 * 


The value of / for the given data is. 577. 

The degrees of freedom are m-+my—2 or 9--7—2 ог 14. The value ot 1 or 
еке of freedom at 5% level of significance is 2.14 which is very much more 
the observed value. The difference is, therefore, insignificant. 
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PROBLEM 18.26. What is *t' test for small samples ? Explain, giving 
suitable formula, how this test can be applied for testing the significance of 
difference between two sample means. Hence calculate the value of *t' in the case 
of two characters A and B whose values are given below : 

A— I Saa, . 

B— mes 9. 12:14. " 

SOLUTION. Calculation of the mean and the standard deviation of 
samples A and B. 


Deviation | Square of i Deviation 
from the | deviation i from the 
av. (10) av. (7) 


х= = = ^ =10 
Mean of sample B. 
7ے = کک کر‎ 
Hence the difference of the two sample means is 
(51—55) = 10—7—3 
4 The standard error of the difference is 


s- Жез EE 
е 7¹ Fn Z 
[ 4652 
ус TV TV 


Now, substituting these values in the formula. 


T Ue ue АЩ 
jx] 
— +. 
SK \/ NE 
We get, 
10—7 
سک‎ —=1.65 
1 
3.13 Ее 


» i be 
The value of ( for given data is 1.65. The degrees of freedom in МЕ 
— 10. The 5% value of t for 10 degrees of freedom is 2.23. nsi 


1 value is less than thi i n the two mea 
not significan. han this and so the difference betwee! 
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PROBLEM 18.27. For a random sample of 10 pigs, fed on diei d. the 
ses in weight in kilograms in a certain period were : 

E 6, 416 es TQ Ж. SUSCI EE 

For another random sample of 12 pigs, fed on diet B, the increases in the same 
were : 


7, 13, 22, 15, 12, 14, 18, 8, 21, 23, 10, 17. 


Test whether diets A and B differ significantly as regards their effects on incre- 
in weight. You may use the following extract from ‘statistical table — 


Degrees of freedom Value of ч" significant at 5%, 
level of probability 
19 2.09 
20 2.09 
21 : 2.08 
22 2.07 
23 2.07 


. SOLUTION. Calculation of the standard error of the difference in mean 
pins in weight on diet A and diet B. ” 


Mean gain in weight on diet A. 

1 2 

* 200) =!) 712 kilograms 

п, 10 

Mean gain in weight on diet B 

х= 208). = 19.15 kilograms 

2 

The difference in two means (15—12) =3 kilograms 5 
The standard error of this difference ` 


— рх 
5 (х і) (х3) n 


m4n—2 


23 1204-314 [E 
VTF ND 
21.7=4.65 

F. 36 
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The number of degrees of freedom is 1,-n,—2=10412—2=20, The value 
of 1 for 20 degrees of freedom at 595 level . 2.09. The calculated 
value is less than this and hence th 


€ difference is not significant. 
PROBLEM 18.28. Eight Pots growing three wheat plants each were exposed 
10 a high tension discharge, while ni 


ine similar pots were enclosed in an earthen wat 
case. The number of tillers in each 


Pot were as follows г 
Caged 17 26 18 25 27 28 26 23 17 
Electrified 16 16 22 16 21 18 is 20 
See whether electrification exercises any 

test of significance 
SOLUTION. Calculation 

average tillers of the two samples. 


real effect on the tillering by using 1 


9f the standard error of the difference of the 


Electrified 
Tillers Deviatio 

i from the 
average 


Mean tillers o f caged Sample 
я EQ) 207 
Qe RENT 97 23 
Mean tillers of ‘Electrified’ sample 
Ña Z = ES =18, 
2 
Difference between the t 


wo mean tillers is 
122318 N 


The standard error of this di 


fference is 


5 - Зот. ху)! 
bump rr E 


5 J|. VIA 3.74. 
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Substituting these values in the formula 


Р x —X 
| — ай 


kget, 
3 23—18 
xT 


| 3 
The number of degrees of freedom is 
n —2= 9-8—2 я15. 
- The value of ¢ for 15 degrees of freedom at 5% level of significance is 
131 which is less than the calculated value of /. Hence, the difference. between 
mean tillers of the two samples is significant which is indicative of thc fact 
electrification does exert some effect on the tillering. 
| PROBLEM 18.29. The ash content of coal from two different mines was 
wlysed, five analysis being made of the coal from the first mine, four of that from 
second mine. Are we justified in supposing that the two mines consist coal 
wh the same percentage of ash content on the basis of the results obtained, which 
e recorded in the following tables. 


Table А 


per cent. 
sh content 


22.151 


` SOLUTION. Calc 
sh content in the two mines. 


Deviation | Square No. оѓ 


from the f analy- 
sis 


Mean percentage of ash content of coal of the First Mine 


215 195 ےل * 


т 
Mean percentage of ash content of coal of the Second Mine 
a. fus 02 18 
2 
The difference in mean percentages of ash content of coal ia First and 


Second Mine is xj—%,=21.5=18= 3.5 1 
The standard error of this mean difference is 


s= Zo Xo 
ny ts 
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= vV 54 =2.324. 


Substituting these values in the formula, 
X—X * 
Jemen 


ni п, 


= [39020778 
ШИ. + =, иш 


$х 


We get, 
21.5—18 
UBAVp 4 
The number of degrees of freedom is 
пү-Епу—2 = 54-4—2—7. 

The value of t for 7 degrees of freedom at 5%, level of significance is 
The calculated value is less than this value; so the difference in the percen 
ash content of coal of the two mines is hot significant. Hence, the in ena 
may be drawn that the two mines consist of coal with the same percentage of 
content. 

PROBLEM 19.30. /s there a significant difference in the strength of li 
two number 2 Pencils manufactured by R. G. T. Guteba & Co. 


Pencil (a) 
Strength in Test 
kilograms 


4 


SOLUTION. Calculation of the standard error of the difference in th 
mean strength of the two pencils A and B. 


( 
Strength in 
kilograms 


Devia- 
tion 

from the 

av (1.65) 


Mean strength of lead in Pencil A is 


e 6.52 A 
uem e ہے‎ = 1.63 Kilograms 


Mean strength of lead in Pencil В is 
5 X, 6. 
z= 203) xe —1.65 Kilograms 


The difference in the mean Strength of the two pencils is 
X1—34-— 1.63—1.65— 


:02 Kilograms. 
The standard error of this difference is 
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Ў (ху) X04—X 
| ү mm— 
| 0.276-+.0516 
Y 414—2 
M 172115 
Substituting these values in the formula 
ii 


ыы 1 
Sx лу que 


r63—165 .—02 Йй 
"0805 — 2 


+} 
| The number of degrees or freedom is nj +лу—2= 4 4 4—2, or 6. 
The value of f for 6 Wa dem of freedom at 5% level of significance is 2.447. 
The calculated value of t i tly greater than this valuc. Hence the difference 
а the strength of lead in the two types of pencils is significant. 
Note—In the calculated value of t + signs should be ignored. 
PROBLEM 18.31. Below are given the gains in weight (kilograms) of 
bes fed on two different diets. Twelve animals were fed on diet A, 15 on diet B. 


keiher diet superior ? 
Gains in weight on diet A: 25, 32, 30, 34, 24, 25, 14, 32, 24, 30, 31, 35. 
Gains in weight on diet B : 44, 34, 22, 10, 47, 31, 40, 30, 32, 35, 18, 21, 35, 
29, 22. 


t= 


get, 


nce in the mean 


-. SOLUTION. Calculation of the standard error of the differe 
Bim in weight on diet A and diet B. 


Gains in | Deviation fro 
weight in | the av. 
kilograms 

2| OX) 


be) 
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Mean gain in weight on diet a 

ү - 2%) 36 7 

X, ee o трия 28 kilograms 


Mean gain in weight on diet B 


> X; 450 4 
¥, = 200. 15 = 30 kilograms 


The . difference in the mean gain in weight on two different diet is Y, —X,— 
28—30= 2 kilograms : 1 
The standard error of this difference is 


—. ХХХ) + ХХХ) 
n *ng—2 


-| mere 76s 846. 


Substituting these values in the formula 
X,—X, 


t= 
sx fa 4 
m Ng 


—2 


8.464/ ty +, 


We get 


= 611. 


= 


The number of degrees of freedom is m-+ng—2=12 + 15—2, or 25. The 
value of t for 25 degrees of freedom at 80% level of significance is 2.06. The 
calculated value of t is considerably less than 405 value. Hence the diflerence in 
the mean gain їп weight on diets A and B is insignificant. 


PROBLEM 18.32. What ist test in small sample theory ? How dots 
Student's t differ from Fisher's t ? 


A group of seven week old chickens, reared on a high protein diet, weigh 1 А 
15,11, 16, 14, 14, 16 ounces; а second group of 5 chickens, similarly treated ene 
that they receive a low protein diet, weigh 8, 10, 14, 10, 13 ounces.  Calcu "E | 
value of t and test whether there is significant evidence that additional protein 
increased the weight of the chickens. 


Value of t on levels of significance *P* 

Degree of freedom Р=0 23 P=0.81 
10 133 141 
7 220 140 
12 2.18 178 


б two 
SOLUTION. Cakulation of the mean and standard deviation of the 
groups of chickens. 
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Group A Group B 


Deviation Square of | Chi- 
from the deviation |cken| Weight 
av. (14) 
x, ( A* (хә) 
8 
10 


Mean of the Group B 


3 55 
Xj a Л, 


) Hence the difference of the two sample means is 
] x,—X;714—11-3 
"The standard error of the difference is 


Хох xg) 
aer \ n, Hy— 


22-24 46 
V= =N 10 
=y 46 =2.14 
Now, substituting these values in the formula 
X—X 


t= 


The value of г for the given data is 2.39. 
The number of degrees of freedom is 
nm--m-2274-5—2-10 
| The value of “ for 10 degrees of freedom at 5% level of significance. is 2.23 


The calculated is more than the table value and hence the difference 
between the th MM is significant. and so it can be reasonably concluded that 


lation from the mean are 26.94 and 18.73 respectively. Can the sample be con- 
dered 10 have been drawn from the same normal population ? 


4 
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d.f 5% value of t 1%, value of t 
13 2.160 3.012 
14 2.145 2.977 
15 2.131 2.947 
16 2.120 2.921 


SOLUTION. The standard error of the differenze of the means of the two 
samples is 


| (4 —21)*-- 27(х,—х, 


71 T . 
Substituting the values, we get, 
.944-18.73 — | 45.67 _ 
э-ү Еу УКЕ саа 
Applying to the given data, the formula 
5-5 


ута 


We get, 
196.42—198.82 = —2.5 
18x mu е р = 2.667 


The number of degrees of freedom is n7, 2-9--7—2—14, The value 
Of i for 14 degrees of freedom at 5%, level or ‘significance is 2.145. This value 
is less than the calculated value of f which is 2.667. Hence the difference between 
the two means is significant and the samples cannot be considered to have been 
drawn from the same normal population. 
PROBLEM 18 34. [л three sampl. i ' 
Р? 118 34. mples of 50 lines each from Shakespeare's 
AN ani oos (an early play), the following numbers of weak éndings were 
erved : 7, 9 and 10. [n three similar samples from “Cymbeline” (late), the 
namber, з of weak endings were 15, 11, 12. Discuss the suggestion that Shakespeare's 
prosody, as judged by the number of weak endings, changed with advancing years. 
SOLUTION. Calculation of the standard error of the difference of the 
mean weak endings of two plays of Shakespeare. 


t= 


Square 


deviation 


(хе) 
1 ; 5.4289 

2 : T ; 2.1556 
: 1089 1.66 | 2.1558 


tad 


weak | from the 
endings | av.(8.67) 


Mean weak endings of Romeo and Juliet, the early play 
= 20) A 8.67 


Mean weak endings of C ymbeline, late play 


I (хуу 207396 
p a 3 ты =12.67 
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1 , the difference between the two mean weak endings 
> is X,— x, = 8.67—12.67, or—4, 
standard error of this difference is 


tees Eora 
s-Y пт+п—2 `7, 


number of degrees of freedom is mn, —2—3-4-3—2 or 4 

The value of 1 for 4 degrees of freedom at 5% level of significance is 2.776 
10% level of significance is 4.13. The calculated value of f is less than 
ble value and hence the difference between two means is not significant and 
inot be reasonably concluded that Shakespeare's prosody, as judged by the 
ber of weak endings, changed with advancing years. 

Note. signs have no value in comparing calculated and table values of f. 
PROBLEM 18.35. Mitchell conducted a paired feeding experiment with pigs 
, E. value of limestone and bonemeal for bone development. The results 
ven below. 


poem in Percentage of Scapulas of Pairs of Pigs fed on Limestone and 


rmine the significance of the difference between the means in two ways : 
ming that the values are paired, and (2) by assuming that the values 
ired. On the basis of your results , discuss the effect of pairing. 

UTION. 


en values are paired. 
culation of the mean and the standard deviations of the differences of 
ent in the two samples. 
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t^ 


De 


Sean 


Mean of the differences of ash content in two samples 
= 2m _ 186 — 
5 =2.3 approx. 


Standard deviation of the differences in the ash content of two samples 


41 0. 
с= ZE ed 7 21.25 


Now, we take as our hypothesis, the supposition that the ash contents in 
percentage of scapulas of pairs of pi ss fed on limestone and bonemeal are по! | 
different, that is, the mean of the differences of the population or m=0, 

Substituting these values in the formula, 


xm ,—— 
= п 


The number of degrees of freedom is 8—1 or 7. ; 

The value of t for 7 degrees of freedom at 5%, level of significance is. 2.365, 
which is considerably smaller than the calculated value. Hence the hypothesis is 
wrong and the difference between the two means is significant. 

(6) When values are not paired, 
Calculation of the standard error of the difference between the two 
means. d 
Ash 
content у ] 
Deviation | Square of| No. Deviation Square of [ 
from the | deviation from the | devia 
av.(50.94) i av.(53.14) 


—) | (ху) 


1 
2 
3 
4 
$ 
6 
7 
8 


ZG3-x* 
= 32.6588 
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Mean ash content in percentage of Scapulas of pairs of pigs fed on limes- 
is 


350.94 
Mean ash content in percentage of Scapulas of pairs of pigs fed on bone- 
is 


72 83.14. 
Mee the difference between the two percentages is X,—x, = $0.94—53 14 


The standard error of this difference is 


Хх) 70:0)? 
з-у : mt n 3 


Substituting the values we get, 


\/ 32.6588+12.4588 21:79 
шай, фасы >= 50$ À 
Substituting these values in the formula 


ух 


The number of degrees of freedom is 
nyn4—228--8—2—14 
The value of / for 14 degrees of freedom at 5% level of significance is 2.1 4. 
calculated value of t is more than the table value and hence the difference 
between the two means is significant end so її сап be reasonably concluded that 
relative value of limestone and bonemeal for bone development differs. 


PROBLEM 18.36. Two types of batteries are tested for their length of life 
following results are obtained :— 


No. in sample Mean Variance 
Battery A 10 500 hours 100 
Battery B 10 560 hours 121 


Is there a significant difference in the two means ? 


—. SOLUTION. On the hypothesis that the two samples are drawn from 
Pop lations with identical means and variance, the value of combined standard 
“Viation or 


Ba opa NUES 


nj4-n4—1 
(10x 100)3-20 x 121) 
VI 0 =V 122.8 а 11.08. 
Substituting these values in the formula 
pe. uo 
1 1 
Sx wars 
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306—560... —122. 


11.08 A36 * 36 


For 18 degrees of freedom at 5% level of significance the value of tis 21. 
The calculated value being much higher than this the difference is highly signi- 
ficant. 


t= 


PROBLEM 18.37. Two yarns spun to the same count are tested for their 
strength. The following results are obtained :— 


No. in Sample Sample mean Sample 4 
T Standard Dev. 
Yarn A 9 42 75 
Yarn B 4 50 6.5 


Is the difference in mean strength significant : 


SOLUTION. On the hypothesis that the two samples are drawn fro 
populations which are identical both as to mean and standard deviation, the 
combined standard deviation would be ч 


лүү? х пусу 9х (7.5)*--4(6.5)? 
Sor ү арлу $142 7 74 


Substituting the values in the formula 


For 11 degrees of freedom (9-1-4—2) at 5% level of significance the valu 
of t =2-2. The calculated Malte bed 12 a this the difference is not sig 
ficant. 


PROBLEM 18.38. A ser of 15 observation gives mean = 68.57; standard devi ation 
= 2:40;another of 7 observations gives mean = 64.14;standard deviation = 2.70. 


Use the t test to find whether the two sets of data were drawn from popula- 
tions with the same mean, it being assumed that the standard deviations in the (#0 
populations were (a) equal, (b) not equal. 

You may base your answer on the following extract from t table. 

Significance limits of t probability of a value numerically greater than t. 


Paren N 

о, К 02 ч 

freedom 4 
6 2.447 3.143 3.707 
14 2445 2.624 2.977 
20 2.086 2.528 2.845 


UR das m the rp that the 5 мерія де i 
с which are identical both as to mean and standard deviation, 
bined standard deviation, would be, 


Soro — | M9? + Ngo,” 15x (2.40)2--7(2. 70) 
Unpen—2 “А 15+72 
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8 — 262 
Ere wpe 


= Substituting these values in the formula. 


эш = 
П 
Sx т + 2 
We get, 
у 68.57—64.14 443 
- = $43.78 
2424/4 4- 1 2.62 x 458 


For twenty degrees of freedom at 5% level of significance the value of f is 
. The calculated value being higher id this the difference is significant, 


PROBLEM 18,39, A random sample of 10 boys had the following J. O. 


70, 120, 110, 101, 88, 83, 95, 98, 107, 100 
Another sample of 10 boys had the following 1.0. 
65, 70, 75, 80, 92, 87. 85, 92, 93, 88 
TY ) Do the first set of data support the assumption of a population mean LQ. 


set of data. 
(iii) Can these be random samples from the same normal population ? 


SOLUTION. (i) We have to find out whether the difference between the 
le mean and the population mean I.Q. of 100 is significant or not. 


Mean = X= 70 + 120+ 110+ 101 و‎ 0 
1 


Gi) 5 the 95% fiducial limits of the population mean corresponding to the 


Zx — Xy or 

„Eu (ZX)? (4900--14400--12100 + 10201 + 7744-1-6889-1-9025-1-9604 

W 7 +11449--10000)—94478.4 = 96312—94478.4 = 1833.6 

Su IMS oa ФП? „муз 

t= (912—100) 4/10 — 2.8x3.162 8854 _ 
14.273 7714235 14.273 


Degrees of freedom 10-1 me 

For 9 degrees of freedom /—0 70 is significant at 0.50, level of significance. 
Observed value of is less than this and, therefore, not at all significant. 
Data do not throw any doubt on the assumption. 

(i) 95% fiducial limits of the Population Mean : 


TV degrees of freedom, 95% or Os level value of t = 2.26. 


ducial limits of the population mean— 


0:62 


- 972414273 2.26 


i 
= 97.24-10.2 or 107.4 and 87.0 Ans. 
| 
1 
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(iii) We have already found that for the first sample 
Жү=97.2 and S Ni-)? = 1833.6 
For the second sample, we find : 
Za. 65+70+75+80+92+87+85+92+93+88 827 
£0 AT.) —(4225 +4900 + 5625 + 6400 + 8464 + 7569-7225 + 8464-+ 8649--7144) 
__ 0827)? 
10 


26926568 392.9 872.1 


Я 1833.678721 _ 2705.7 _ AA 
A cce T STR = ise. 150.3167 „. c—12.26 


2728207 10х10 14.5 32.422 
Lehm vr n [oio — 1226 ee 12.26 264 


Degrees of freedom —10 + 10—2—18 
For 18 degrees of freedom, 1—2.55 is significant at -02 level of significance. 
The observed value of г is greater than this and, therefore, highly significant. 


Therefore, it is unlikely that the two samples can be drawn at random from the 
same norinal population. 

PROBLEM 18.40. A random sample of 16 men from district A has a mean 
height of 168.0 cms and a sum of squares from the sample mean of 132. A random 
sample of 25 men from district В had a mean height of 166.5 cms. and a sum of 
squares of 165. Can the samples be regarded as random samples from the same 
normal population ? 


Calculate the 95%, fiducial limits of the difference between the population 
means. 


SOLUTION. 
First Sample Second Sample 
Size of the sample =m=16 Size of the sample =, = 25 
Sample mean = X,—168.0 cms, Sample mean = X,=166.5 cms. 
and Z(X,—X,)*—132 and 2(X,—,)—165 
02. 1324165 297 99 2.76 
05 eee V T8188-27 


Our hypothesis is that both the samples are from the same normal | 
population. 


1 — 168.0—166.5 ox 


D 125 20 25 ы 
16-23 276 "^64031— TIO) 214. 
Degrees of freedom —41—2—39 


Usually tables do not provide the values of 7 for all degrees of freedom 
more than 30. We can find Out the significance of the observed value of 1 by 
either of the following methods : 


(i) We know th to be 
distributed: ndrmáll at for large values of degrees of freedom, г tends 


y with the mean equal to zero and variance equal to one. 
The 5% level of significance for a normal variate 1.96. The observed value ОГ! В 
less than this and is, therefore, not significant. 


(ii) From the tables we find: 

For 30 degrees of freedom, Os level of value of 72042 

For 40 degrees of freedom, Os level of value of 182.021 

The observed value of is 1*4 and, therefore, is not significant. No pases 


is thrown on the hypothesis that they are random samples from the same normal 
population, 
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(ii) 95% fiducial limits of the difference between population means : 
The calculation of *05 level values of t is based upon the following formula : 
If P is the P% value of normal deviate, then P% level of significance of г 


jen by 


[ 12D? 3416D*+45D4 Where с 
1р 50 1 
degrees of freedom 
5 et 14-3.842 3-16 x 8.842-+5 х 14.76 
„ 1(.05) == EI 1+ qs | 


4842 138.3 y 
=1%[ 1 156 +746016 | 2:02 (approx). 


бог 39 degrees of freedom 95% or Os level value of 1—2.02 
Bow 95% fiducial limits of the difference between the population means are 
y 


Y 2 m+n. 
(X, NE 1 (o VEL 


/ 41^ 
^. The limits are: (68:0—66:5) +2 022.76 W 16X25 


De 1545575 6403 -— 5:178 


l'ejfrom—0:28 to 3:28 
Since zero lies inside this range, it further confirms that the difference 
n samples means is not significant of a difference between the means of the 
tions. 

SIGNIFICANCE OF ‘r ' 


` PROBLEM 18.41, Apply t test to find whether correlation is significant, if 
бай n— 36. 
` SOLUTION, Substituting the values of r and п in the formula 


| va xr 


l Vv 1—r 
lt get. 
— еен 
Vc 


The ber of degrees of freedom = 38—2, or 36. The value of f for 36 
of freedom at $0. level of significance is 2025 approx. The calculated 

is considerably larger than this value, hence the correlation is significant. 

PROBLEM 18:42. A correlation co-efficient of is discovered in a sample 


! 
"pairs. [s it significant ? Use t test. 
SOLUTION. Substituting the values of ‘r’ and ‘n’ in the formula 


l Va y 
к—————Х'/ 
get, 


| V2 
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The value of f for 17 degrees of freedom at 5% level is 2:11: The calculated 


value is higher thaa this and as such correlation is significant. 


PROBLEM 18:43 Use f test to find whether a correlation co-efficient of 
-+5 is significant if n=51. 


SOLUTION. Substituting the values of ‘r’ and ‘n’ in the formula 


ЖЕ. c M 
]—r? — 
^ 
We get, 
لے‎ SIS 5404 
—(" )? 


| 

For 49 degrees of freedom at 5% level of significance the value of 1220 

The calculated value being much higher that this the correlation is significant. | 

PROBLEM 18:44 A random sample of 15 from a normal universe givesa 

correlation co-efficient of —0:5: Is this significant of ihe existence of correlation 
in the universe? 


SOLUTION. Substituting the values of ‘r’ and ‘r’ in the formula 


We get, 
EAM 15-2 
Мзу—(—05)# 
The number of freedom is 15—2, or 13. The value ofz for 13 degrees 
freedom at 5% level of significance is 2.16. The calculated value is consi 


smaller than this figure. Hence, the correlation of the sample is not significati 
to warrant an existence of such correlation in the universe. 


PROBLEM 18-45 А random sample ‘of 18 pairs of observations from a nor 
mal population gives a correlation coefficient of--0'52. Is it likely that the varia 
in the population are uncorrelated ? 


SOLUTION. We have n=18 and r= 0°52 


xC-0-5) = —2:08 


— 18—2 
VIO * 
0:52 9521x4 208 _ 244 


Degrees of freedom —n—2—18—2—16 


2,58 is 
For 16 degrees of freedom, 522.12 is significant at Os level and t=25 
significant at'02 level. 


«se ant at 02 

The observed value of ris significant at "v5 level but not — 
level. This gives reasons to suspect the hypothesis that the variables 

lated. They may be correlated. 


PROBLEM 18-46 Whar is the least value of r in a random sample 
that is significant (a) at the 005 level, (b) at the 0°01 level ? 


SOLUTION. Degrees of frecdom—n—2—38—2—36 
0:05 level value of the normal variate=1.96. 


of 38 pairs 


Sampling of Variables—Small Samples 5n 


Now tp = D[1 + — неа ] 

n P—.05, 2—1 .96 ; for 36 of freedom, г (0.05) = 1.96 
BH... }=1.96 + 0.066 = 206 7 is 
рушу козы ctp 


When Р = .01, D =2.62 ; for 36 degrees of freedom, ¢ (0.01) 2.62 
+... 12.62 T 0.143 = 2.763 24 


f the Be vale of r is significant at 5%, level, we have: 


К r 
У" 2 >ц») 


~ Substituting the values for n and tp we find 
| (a) Value of r significant at. Os level is given by 


r 
Vit 36 >20% 
or 36 72 4.1054. 10572 
or 40.105 72 74.105 or r2 . 1023 r 0.32 
Т 0 cam of r significant at. Ol level is given by 


4 36 227763 or 36 r2 7.63 – 7.63 r1 


or 43.63 7 >7.63 or r2>0.1748 orr 0.418 

The least values of r significant at .05 or .01 levels are 0.32 and 0.418 
ctively. 

_ PROBLEM 18.47. How many pairs of observations must be included in а 
mple in order that an е correlation co-efficient of 0.42 shall have a calcula- 
lue of t greater than 2.72 

SOLUTION. Let the uniter of pairs of observations be n 

Then on substituting the values of r and ¢ in the formula : 


r 
i= 
м 1—2 


0.42 
** t EK 
2.72 or t> упау n—2 


E. E x 7.3984 = 34.56 .'.n—36.003 or 36 


te should be 36 pairs of observations if ¢ is to be greater than 0.42. 


ROBLEM 18.48. Twelve pictures submitted in a competition were ranked 
jud am with aes as T in the table e 


F " 
12 $ 
с=т Ера 


- Calculate P. Ts there а lack of independence in these rankings? (Assume 
the hypothesis of independence of two sets of n rankings, 1=Р (= z) 


WS the t-distribútion with n—2 degree of freedom.) 


ГА 
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SOLUTION. We know that P=1 xai where л is the number of 


ranks, and d is the difference in ranks assigned to the same item, 
In this problem 24% = 0* + 12--3*4-4* 4-21-122 4-2? 42! 21-124: 3*4-21 
ж=1\+9+16+4+4+4+4+4+1+9+4=60 
and m=12 
Р тут =! 115 saz 71—0.2098—0.7902 
ya V 0.7902 5 
1pa “979027 = УСУ 
= 1.289 x 3.162—4.076 


For 12—2= 10 ders оор, Os level value of г i$ 2.29 and .01 level 
value of t is 3.17. The observed value of ¢ is greater than this and therefore 
highly significant. The rankings indicate a lack of independence. 


M 18.49. 30 persons in the income group Rs. 20,000 to Rs. 25,000 
were asked to supply before a specified date returns of their annual income for 
some reason connected with taxation. But when the date arrived, only 20 returns 
of total income, as noted below were received in the following order : 

20690, 21720, 24010, 20090, 20940, 
21510, 20340, 22420, 22180, 22600, 
21940, 23080, 22840, 23510, 24260, 
23740, 24720, 23310, 21300, 24530. 
Do the data confirm the belief that persons with bigger incomes delay submis- 


sion of returns more than the others ? What is the measure of confidence you can 
associate with 1 answer, You may assume that the square of the test criterion 


)p? 
t is equal fo са where P is the co-efficient of rank correlation and п the 
number of observations on which the co-efficient is based. 
SOLUTION. 


iMi i URN 


PS] Bo] 5| 2]o] 11 3] 1] 
abs [epost sporis тт 


Now, (=P 


ao BEd 308 . Um 
Pals RAT -— Spam e e Эй 
0.618 


,.. P—0.618 confirms the belief that persons with bigger incomes delay sübmis- 
sion of returns. 


Я Соне ап нзд 2 upon the level of significance of this value of the eo 


T3 p? 0.618 x 4/ 20—2 
or t— M/n— «Вб 
JE 19 


29 en 4243 0.786 x 4.243223.34 


Given : 2m et 
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Degrees of freedom=20—2=18 


PROBLEM 18.50. A random sample of 15 from a normal universe» gives а 
ation of +.5. Use Z test to find. if ít. is significant of correlation inthe 
зе. 


SOLUTION. Substituting the given value of ‘r'in the formula 


(4r 
Z=10810 1202 х1.1513 
get 


110810 3x 1.1513.—.4771x 1.1513.—.549 
The standard error of Z 


1 1 

$64 = Дае, m рее р =ч =.289 or .29 

If there is no correlation in the universe the value of C would be zero. The 
Nation of Z from (is .549 and it is less than twice the standard error of Z. 
ie result is not decisive, though correlation can be said to be insignificant. 

PROBLEM 18.51. 4 correlation co-efficient of 0.5 is discovered in a sample 
49 pairs. Apply Z test to find out if this is — id different. 
(a) from 0. 
) from 0.3. 


SOLUTION. Substituting the given value of *r* in the formula 


Z=lo8.1 137. x1.1513 


, 
Z= logy) FEF x 1.1513 log yy 3X 1.1513==.4771 x 1.1513=.549. 
_ The standard error of Z is 


1 
1 
9. = = PY fo. ind 


Now if we assume the correlation in the universe, i.e. p to be zero f is also 
to zero. The deviation of Z from (is more than twice the error 
> is ence the hypothesis is wrong and we may conclude that the given corre- 
Onis significantly different from zero. 

Note. For ‘Z’ test the co-efficient of correlation of a sample is converted 
"Zt the formula Z-log E x1.1513. Similarly the co-efficient of 
the ОП Of the universe or population is converted into ( The formula used 
ЧЕ Purpose is the E oe, А ‹ 


1 Ow, if the supposition is that the correlation in the universe, ie. p= +0.3. 


1+ 14.3 
(= logy 77 1.1513. «1g 1353 1.1513 


7-log,, 1.857 x 1.1513—.2688 1.1513—.309 
> iation of Z from { is, therefore, 
0.549— 0.240. 
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This is only about .96 times of the standard error of Z, which is 0.25 and so 
could have arisen from the fluctuations of the sampling. Hence, it can be con. 
— | re the given correlation co-efficient is not significantly different 


PROBLEM 18.52. Apply 'Z' test to determine the significance of difference 
between two correlations given by 
r, 70.6, fam 0.5 
m9, . n= 12 
SOLUTION. 1f 7,=0.6. 
Z,-log > х14513=ор 1-06 x1.1513 


108104 X 1.1513=.6021 X 1.1513 0.693. | 
Again, if r,=0.5, | 
| 


Zope slot Ê х1лзїз 


logy 3x 1.1513—.4771 x 1.1513—0.549. 
The difference of Z, and Z, is 
2,—2,2-0.693— 0.549 = 0.144 
The standard error of this difference of Z, and Z, is 


1 1 1 1 
Же. 21 22 N * == approx 


The observed difference of the two Zs is only . 27 times this standard error 
and so could be attributed to the sampling fluctuations. Hence the difference 
between the two correlations is not significant. 

We can, however, calculate г at this stage. 

2+ 
t= 
DER 
Substituting the calculated values, we get, 


pm 0693-0549, 
The number of degrees of freedom is N,-+-Ny—6 
=9+12-6=15. are 
The value of ¢ for 15 degrees of freedom at 5%, level of signifi 
2.131. The calculated value is much less than this . Hence the difference 
is insignificant. | 
PROBLEM 18.53. The correlation co-efficient between mathematics арй 
and language aptitude for a group of 20 boys is 0.42. For a group of 25 girls 
correlation is 0.75. Ii the difference significant? 
SOLUTION. If the correlation for the boys group, i. e. r4—0.42. 
1r 14042. 
Zilog 1 —7— x1.1513elog,, 14042 X 1.1513 
10810 2-448 X 1.1513 0.3888 x 1.1513 0.448 
Similarly, if the correlation for the girls group, i.e. ғ 90.75, 
1+7 
Z,- logo X 1.1513 
logs руу Isles, 7 x 1.15 
0.8451 1.1513=80.973, 
The difference between the two Zs is 
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Z,—24—0.973 - 0.448—0.525 
The standard error of this difference is 


/ 1 1 [ 1 1 
$4. 217 та iecit] s 26-35 * 3-533 


The observed difference of the two Zs is about 1.6 times this standard error 
of the difference which may be therefore due to sampling fluctuations. Hence, 
we may conclude that the difference is not significant. 
| PROBLEM 18.54. A random sample of 30 pairs of observations from а 

normal population shows a correlation co-efficient of 0.75. Is this consistent with 
the assumption that the correlation in the population is 0.55 ? 


SOLUTION. We have $ 


14. 1 

Z=} 10810 ite and 3=} 10810 ite 
1--0.75 1-40.55 
=} logy I.. =} loeo 188 
{ 55 

=}%2.3026 logi, 122- -I 2.3026 logo 153 
214513 logy, 7 —1.1513 logy, 3.444 
=1.1513 0.8451 1.1513 K0.5371 
=0.9730 =0.6194 


Now, we know that Z is distributed normally with mean and standard 


E. i & ; 
deviation | =—, i. €. E. isa normal deviate 


J 1 [ 1 1 V3. 1732 91994 
*. 2 => — 17. 303 =з =» = 9 
Z _ 0,9730-0.6194 
e.. 0194 


0.3536 . 
0.1924 a 
05 level value of normal deviate=1.96 


Observed value of Ici is less than this and, therefore, it is not 


Significant. 
| As far as the evidence goes the correlation in the por ulation may be 0-55. 


PROBLEM 18.55. The value of r obtained from a random sample of 19 pairs 
- Of observations from a normal population is 0.8. Is this value consistent with the 
pothesis that the correlation in the population is 0.6 ? 


SOLUTION. We know : 


1+Р 
| Z=4 logi I ==} logs 4 
j 
ш; -06 
ist % 1208 =11513 1080 1808 
71.1513 log,, 9 =1.1513 logy, 4 
511513 x 0.9542 =1.1513 0.6021 
= 1.0986 =0,6932 


We know that Z is distributed normally with the mean and standard error 


| a i. e. 12. is a normal deviate. 
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SE. ver =0.25 


. Z-L 10986-0693 
UE S PER 
= = 16216 


Observed value of 252 is less than this and, therefore, not signi 
ficant, 


The correlation in the normal population may be 0.6, as far as the evidence 


PROBLEM 18.56. Two groups of students are given an intelligence test (x) 
and an arithmetic test. 


m=45 тү Xy—0.45 
n—39 f Xy 0.38 
Is the difference between values of r significant. 
SOLUTION, 
First Sample А Second Sample 
Size of the sample —45 Size of the sample=n,—39 
rx» = 045 raxy=0.38 
1 1 
Now, Zı =} log, n 23—419, iU 
=1.1513 085035 1,1513 log, 138 
= 1.1513 10810 2.6364 —1.1513 10810 2.2258 
71.1513 x 0.4207 = 1.1513 0.3476 
—0.4844 —0.4002 


If the samples are random samples from the same normal population Zi- 
is distributed normally with mean zero and standard error а 


5. E. 


2 1 1 13 
=V TOG y Vr te ү-7 -0m | 


„21-2. 0484-0400 _ 0.084 
8 0.227 
Os level value of normal deviate 1.96, 


The observed value is much less t i herefore. the difference bet- 
ween the values of r is not на ban this and, therefore. the di 


PROBLEM 18.57. Two independent samples have 28 and 19 pairs of obser 
vations with correlation co-efficients 0.55 and 075 respectively. Are these values 
ofr consistent with the hypothesis that the samples are drawn from the same 


Let r, 90.75 withi i — ry shall not be 
к ae -— Кы limits must r, lie in order that r,—r, shal 


20.37 
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SOLUTION. 

First Sample Second Samp! 

m-28 т,:=19 ы 

710.35 10 7220.75 

Z=} log, ES Z=} log TU 

Р, 

"n 1.55 r 
=1.1513 10810-045 -1450 lo, 8 
=1 1513x 0.5371 ==1.1513х0:8451 
—0.6194 0.9730 


If they are random 8 єк Re 
normally with the mean Pg г 28 erc Beeston 2—2, и Gute 


1 1 
m-3 р п- 3 
E a 
S. E= VF 19-3 =\ “axe 
6.403 
= 397 =0.320 


Z,-Z, .0.6194- 0.9730 — 0.3546 
eue RUD 4» 34 zi 

os level value of normal deviate— 1.96 

The observed value is less than this and, therefore, not significant. There 
ае no grounds to doubt the hypothesis. 

(ii) Given the value of rs, value of r, should be such that 


21-23 1.96 
5. €. 


or 21709730. 1.96 or 2, - 0.9730-<0.6272 
This means : 270.9730 0.6272 or 7,< 1.6002 
and 0.9730—Z,<0.6272 or 212>0.3458 
ie. 0.3458 1 C1. 6002 
If the difference between " and 0.75 is not to be significant at OS level 4 


must be within limits 0-3458 and 1:6002. Corresponding to these two limits 
Z, we can find out the limits within which r, must lie. 


210.3458 ix Ка 
D r 
or 1.1513 log ——,:-20.458 ог 1.1513 log I «1.02 
1—г 1—r 
or log Hem 70.3004 or log E «1.3899 
1—r, Я 1—5 
or TE3A > Antilog (0.3004) ог pue >Antilog (1.3899) 
1.997 24.54 
or 121.997 - 1.997 r; or 17 <24,54—24.54 7 
or 2.997 ғ,2>0.997 or  2554ry 23.54 
or ry>0.3326 or 709717 


Therefore, 7, must be within the range 0333 to 0922 to l. €., 0.922 <r, 


<0922, 
REVISIONAL PROBLEMS -18 
ig, ROBLEM 18.58. The Incomes of a random sample of engineers in 
oft, 1 are : Rs. 630, 650, 680, 690, 720 and 710 per month. The incomes 
1 similar sample from industry И are Rs. 610, 620, 650, 660, 690, 690, 700, 
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710, 720 and 730 per month. Discuss the validity of the suggestion that industry 
I pays its engineers most better than industry 11. 
(Ans : t value. I, hypothesis is correct), 
PROBLEM 18.59. Eleven students of M. Com Final were given a test in 
Economic Analysis. They were given a month's special coaching anda second 
test of equal difficulty was held at'the end of it. The results were as follows : 
Boys 1 2 3 4 5 6 7 8 $5 ww 
Marks I Test 23 20 19 2 18 20 18 17 23 16 11 


Marks П Test 24 19 22 18 20 22 20 20 2 20 1 


Do the marks give an evidence that the students have benefited by extra 
coaching ? (When / for 10 degrees of freedom at 5% level of significance is 
2228.) (Ans : 1—1.48; students have not been benefited) 

PROBLEM 18.60. Two kinds of manure were applied to 16 one acre plots, 
other conditions remaining the same, the yields (in 95.) are set out below: 

Manure I : 18, 20, 36, 30. 49, 36, 34, 49, 41 (9 plots) 
Manure II : 29, 28, 26, 35, 30, 44, 46 (7 plots) 

Examine the significance of the difference between the mean yields due to 
the applications of different kinds of manure. Use ‘r’ test. (Ans : 7 (cal)2:0.57) 

PROBLEM 18.61. In two samples of 10 children, the increases in weight 
due to two different kinds (D, and О») in the same period іп Ibs were: 

IE EUM A atta 7 
ТУКЕ She aan dg $3 6 

Find whether their variances and means differ significantl y. 

(Ans: F=2.42, 151.28) 

PROBLEM 18.62. A random sample of 30 pairs of observations from a 
normal population shows a correlation co-efficient of -F.75. Is this consistent 
with the assumption that the correlation in the population is+-0 55. 

(Ans: 21=0.97; Z,—.62; S. E.-—0.19.) 

PROBLEM 18.63. A random sample of 12 pairs of observations from a 
normal population gives a co-efficient of correlation of 0.45. is this value signi- 
ficant of correlation in the population ? (Ans г= 1,6, not significant) 

PROBLEM 18.64. In an examination in Psychology, 12 students in one 


class had a mean grade of 78 with a standard deviation of 6, while 15 students 


in another class had a mean grade of 74 with a standard deviation of 8. Б 
there a significant difference between the means of the two groups ? 
(Ans : t= 1.65, V=25, t b .05=2 06, No.) 

, PROBLEM 18.65, A random sample of 16 values from a normal popu- 
lation showed a mean of 41.5 and a sum of squares of deviations from the mean 
equal to 135. Can it be assumed that the mean of the population is 43,5. Use 
5%, level of significance. (Ans : £22.67 for v—15 z .05= 1.753) 

PROBLEM 18.66. The means of the random samples of sizes 9 and 7 are 
186.42 and 198.42 respectively. The sums of the squares of the deviations from 
the mean are 26.94 and 18.73 respectively. Can the samples be considered to 
have been drawn from the same normal population ? 

(Ans: f= 2.21; v—14; z 0.05 for v 142.145; No) 

PROBLEM 1867. To compare the price of a certain commodity in two 
towns, ten shops were selected at random in each town The following figures 
give the prices found : 

Town A 61 63 56 63 56 63 59 56 44 61 

Town В 55 54 47 59 $1 є 57 54 64 58 

Test whether the average price can be said to be the same in two towns. 

[49 1750.844: у= 18; for = 18, 052.10 
Average price is the same in two towns 


lysis of Variance 9 


The analysis of variance is a very useful device for analysing the results of 
tific enquiries conducted in the field of biology and agriculture. Variance of a 
№ is split into 2 parts, viz.: (1) variance between varieties and (ii) variance within 
ies. The variance between varieties is generally greater than the variance within 
Varieties. If there is a considerable difference between these variances then there 
üt be a specific cause for it. In order to test the significance of this difference “F” 


lated. Е==-у*-у/һеге V and V, represent these variances between and within 


varieties respectively. The calculated value of F is compared with its table value 
if the calculated value is greater than the table value the difference is significant. 


In this chapter questions about Fisher's Z-test have also been solved. 


PROBLEM 19.1. The figures given below are yields in bushels per acre of 
ols of gram. Three of these plots are of variety A and three of variety B. 


A 30 32 22 
B 20 18 16 


|. Set up a table of analysis of variance and calculate F to find out the significance 
тепсе between the yields of two varieties. 


SOLUTION. Calculation of the variance within the varieties and between the 


а Mean | Deviation of Deviation of 
2 3 plot | plot yield of Square | mean plot yield 
E yield | each variety of of varieties 
1 of from its devi- from the mean 
[varieties] mean plot і plot yield of all 
6/22 d varieties (23) 
rA kaka 

30 

32 

22 

20 


dad SERE ГАР ins ASAN 


From the above table 


the sun, of squares of deviations for within varieties=64 and the sum of 
Squares of deviations for between varieties 


7:50 x 3 Ge the number of plots in a variety) 
7150, 
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The number of degrees of freedom for within varieties 


or "—k (n—1) ; where k represents the number of varieties and n, th 
number of plots in each variety. 


Substituting the values, we get, 
m=2 (3—1) 4. 
The number of degrees of freedom for between varieties 
Or nj—(k—1)—2—1—1. 
With the help of these calculated values, we get the following table of Б, 
of variance. 


Table of Analysis of Variance 


Source of sum of 


Within varieties 
Between varieties 


From the above table, | 


Уз _ Variance between varieties 150 
= 2 = Vanance GHD 9.75. 
E V, Variance within varieties Iac 
The 596 value cf F for the calculated numbei 


т of degrees of freedom is 7. 
which is considerably less than the calculated valué. Hence, the variety diffe 
in yields is significant. 


Alternate Method 


Square of de- Square of deviation 

viations from of the mean of va- 

grand average rious pies from 
grand averag 


the ^ 
49 
81 
1 
9 
25 
49 


We can now have a table as 
Short-cut method 


S 
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2 
Total sum of squares— 3388 T 


2 
—3388— DE -—3388—3174—214 


Sum of squares between samples 
(QAM, (Ев T? 
Eom n AN 
` Where (ГА) and (ZB) stand for the total of items in the base samples A and 
X к stand for the number of items in the two samples respectively. It 


2 2 
=8 34 138 123524972—3174—150 
3 3 6 
Sum of Squares within the samples 
=214--150=64 
Now we can set up a table of the analysis of variance as was done in the first 


PROBLEM 19.2. The following table gives the yields of four plots each of three 
ies of wheat. Find out if the variety differences are significant. 


Deviation of | - plot у! 
plot yield of of varieties 
each variety from the mean 
from its plot yield of all 
varieties (22) 
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| 
From the above table, 


the sum of squares of deviations for within varieties or $,—30 
the sum of squares of deviations for between varieties, 


or $5—56 x 4—224. 
s The number of degrees of freedom for within varieties or is m= k (n—1) 
re 


‚_ К represents the number of varieties and л, the number of observations in 
variety, 
m=3 (4—1)29. 


The number of degrees of freedom for between varieties, 
ог m —(k—1)—(3—1)—2. 


The variance for between varieties is 
с .30 
Vy om yu) 
The variance for between varieties is 
$, 224 
V= * 2112 
Substituting the values of V, and V, in the formula 


We get, 


Using Snedecor's tables of F, we find that the $95 value of F for the gh 
number of degrees of freedom is 4.26. Hence, we come to the conclusion that vi 
differences are quite significant. 


PROBLEM 19.3. Set up a table of analysis of variance for yields of 1 
strains of wheat planted in five randomised blocks. 
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all strains (22) 


Yield of wheat in 


S- SS ee Square. of 


From the above table, 
` the sum of squares of deviations for within strains—140 
and the sum of squares of deviations for between strains 
=38 x 5=190, 
The number of degrees of freedom for within strains, 
or m=k (n—1)=3 (5—1) =12 
Similarly, the number of degrees of freedom for between strains, 
OF m= (k—1)--3—1—2. 
Erb the help of these calculated values, we get the following table of analysis 


1 
| 
| 


Table of Analysis of Variance 


Mean Square 
of variance 


From the table it is clear that the variance between strains is considerably high 
= to that far within varieties. The 5% value of F for the given number 
Hence of freedom is 3.88 which is much less than the above calculated value. 


| the difference is significant. 
] 
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PROBLEM 19.4. Set up a table of analysis of variance for :— 


SOLUTION. Calculation of the variance within the varieties and between th 


plot yield of all 
varieties (227) 


the sum of the squares of deviations for within the varieties=29184. 


and the sum of the squares of deviations for between the varieties 
22943 х 3—2829. 
The number of degrees of freedom for within the varieties 
ny—k (n—1)—4 (3—1)—8. 
Similarly, the number of degrees of freedom for between the varieties is 
т=(К—1)=4—1=3. 


With the help of these calculated values, we set the table of the analysis oh, 
variance as follows : 
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А of the above table brings out clearly the fact that variance is more 
s varieties than between the varieties. 


Prepare the table of analysis of variance to test the significance of difference 
" the yields of the four varieties. 


SOLUTION. Calculation of the variance within the varieties and between the 


varieties (32.8) 


Yields of each block 


E 
8 
v 
5 
Ё 
8 
Li 
34 
04 
44 
" 
84 
00 
00 
00 
00 
.00 
76 
16 
96 
:56 
76 
136 
76 
30 


16 


SSS SS 228222 


From the above table, 

the sum of squares of deviations for within the varieties 
=51.20 

and the sum of squares of deviations for between the varieties 
=26.80 x $=134.00 
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The number of degrees of freedom for within the varieties is 
ту== (п —1)—4 (5 —1)—16. 
and the number of degrecs of freedom for between the varieties is 
ny—(K —1)—4—1—3 
With the help of the above data, 
as follows : 


the table of the analysis of variance is set u 


Source of sum of 
kcu s 


Within varieties 
Between varieties 


Total 


From the above table. 


F= 2 Variance between varieties 44.686 13.9 
1 Variance within varieties т 30 


The 5% value of F for {һе above numbers of degrees of freedom is 3.24 


is considerably less than the calculated value. Hence the difference between th 
yields due to varieties is significant. 


PROBLEM 19.6. The following table gives the Strength of lead in Number 
Pencils manufactured by * ‘Company D." 


Pencil 1 Pencil 2 Pencil 3 Pencil 4 Pencil 5 
Strength in | strength in | strength in strength in | strength in 
kilograms kilograms kilograms kilograms kilograms 


Prepare the table of analysis О, 
between the strength of pencils. 


, SOLUTION. Calculation of the variance within the varieties and between 3 
varieties. 


variance to test the significance of dl 


E - Deviation of 
58 H 8 E 5 the mann str- 
2 28 a SSE) 9 | ength of each 
$ a || SE o> t variety from 
Variety | m EIS 8 aoe 8 © | the mean stre- 
of © E 5 99] © | ngth of all the 
Pencil a H S 2526 p | varieties taken 
8 - 55 E 29 9 S | together (1.76) 
*|8s|3 i Ass 3 
Pencil 1 09 8 


AE 


Pencil 2 


—————— 
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2 1 1m —13 0169 
2 PM 1.83 —15 0225 +07 .0049 
3 20 +.19 0361 
| 4 19 4.09 1008! 
eil 4 1 182 0 0 
2 1.98 1.82 +.16 .0256 +.06 .0036 
P 3 1.84 4-02 .0004 
4 1.64 —.18 0324 
Pencil 5 1 1.92 +.13 0169 
2 1.85 1.79 4.06 .0036 ° +03 0009 
3 1.64 —AS > 0225 ¢ 
+ 1.75 —.04 -0016 
3970 .0272 


From the above table, 

sum of deviation for within varieties is 0.3970 : 

the sum of squares of deviations between the varieties is 

0072 х 3—0.0816. 

The number of degiees of freedom for within varieties is M ' 
m=k (n—1)=5 (4—1)—15. 
Similarly, the number of degrees of freedom between varieties is 
n=(k—1)=5—1=4. 


With the help of this data, the following table of analysis of variance is set 
p: s Ш 
Table of Analysis of Variance 


‘Source of sum of 
uares 


Within varieties 

tween varieties 
Total 
The 5% value of F for the calculated numbers of degrees of freedom is 3.06. 


The calculated value will be considerably less than this figure. Hence, the difference 
ween the strength of pencils of different varieties can be said insignificant. 


PROBLEM 19.7. The following table gives the length of Cuckoo's eggs 
deposited in the nests of three species of birds. 


Order of Tree-pipit Pied Wagtail Wren 
measurement length in Length in Length in 
- d millimetres millimetres millimetres 


S 00 чо tà A, чок 


594 Practical Problems in Statistics 


Prepare the table of analysis of variance to test the significance of difference 
between the lengths of their s; ecies. | 
SOLUTION. Calculation of variance within the Nests and between the Nests. 


ts Deviation of | 
E] age the mean length $ 
£ 5 2 2 of each nest from 2 
8 233 are the mean length 4 
Nests 508] 595 | 92 of all the nests | $ 
22 8 os 8 es taken together = 
SSE = g 35 (22.4) 
еб=| 293 | Z? 1 
s 
LET ag E z 
= E-ET: 
1 —0.2 0.04 d 
2 10.4 0.16 í 
3 +1.1 1.21 [ 
4 +0.7 0.49 
Tres 5 —0.8 0.64 
pipit 6 4 1.1 1.21 025 | 
7 * —1.8 3.24 
8 х 40.5 0.25 
9 i +09 0.81 
10 23.2 40.3 0.09 
1 23.0 — 2 0.04 
2| 234 402 | 0.04 
3| 240 408 | 064 
' 4| 23.3 0.1 0.01 
Pied 5| 234 Xo2 0.64 m 
Wag- 6| 224 —0.8 0.96 У 
tail 1| 218 —1.4 1.96 
8 21.8 —1.4 1.96 E 
9| 249 +17 2.89 
10| 240 40.8 | 064 
1 19.8 —1.4 1.96 
2| 221 - 9.0 0.81 
3| 215 403 | 009 
we E | 48 
^| 0. К 
6| 212 Ion 0 1.44 | 
7| 223 +11 2 | 
8| 210 =0:2 j 
9| 20.3 —0.9 
10| 20.9 203 231 


From the above table, the sum of the squares of deviation for within nests B 
22.74 and the sum of the squares of deviations for between nests. 
=2.33 x 1023.3 
The number of degrees of freedom for within nests is 
m =k (n—1) =3 (10—1)=27. 
Similarly, the number of degrees of freedom for between nests is 
п, — 
к=(К—1)х3—1=2 pe 


" „ ofthe above data the following table of analysis 
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Table of Analysis of Variance 
Е SES 

en varieties 23.30 2 
e POTENS 


Substituting the above values in the formula F ARA hire 
presents the variance for between varieties and V/ the variance for within the 


_ 26540 
Е == 42 13.83 

The 5% value of Е for the calculated numbers of degrees of freedom is 3.35. 
mlulated value is many times greater than this value. Hence, the difference 
length of the cuckoo's eggs due to difference in nests in which they were 
ited is significant. 


PROBLEM 19.8.. Ser up a table of analysis of variance and calculate F from 
Its of the following four samples :— 


FEE Sample 1 Sample 2 Sample 3 Sample 4 
2 3 6 5 
3 4 8 3 
1 3 7 5 
3 5 4 3 
1 0 10 2 
SOLUTION. Calculation of variance between and within the samples. 


CYS w we 


= 
кәчә чл чл лр 4 2 OO D 
Reece acre eng 
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From the above we find that the sum of the squares of deviations within à 
samples=46, 


The sum of the squares of deviations between the samples—14 x 5 (number 
items in each sample) 70. 


Number of degrees of freedom within the samples or 
пук (1 —1), where ‘k’ represents the number of samples 
and “л” the number of items in each sample 
224 (5—1)=16. 

Number of degrees of freedom between the samples or 
m= (К—1)==(4—1)=3. 


Table of Analysis of Variance 


Mean square | 
of variance 


Source of 
variation 


Degree of 
freedom 


Within the Samples 


Between the Samples 


From the above table 
' Variance between the samples Vs 


Fer Vaflanes within the samples V; 


UR z-8.04‏ ہا 


PROBLEM 19.9. The following data relate to the results obtained by 4 invest 
gators, investigating common problem. Each of the 4 investigators had taken a samp 
of 6 items. Do these results significantly vary from each other ? 


SOLUTION. Mean of the four samples are 68, 47, 66 and 59 respectively. | 
Deviations from respective means squared up 
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The sum of the squares of deviations within the samples thus 
—1136-1-966-1-12424-920—4264 


The combined mean = 60, and the squares of the deviations of sample means 
it total to 64--169-1-36-I-1 270 


The total variance between the samples 
2:270 X (number of items in each sample)—1620. 
Degrees of freedom within the samples 
or n —k (n—1)—4 (6—1)=20 
| Degrees of freedom between the samples 
or ng = (k—1)—3. 
Table of Analysis of Variance 


Source of Sum of Degrees of Mean of Square 
Variation Squares Freedom of Variance 


Within the 
Samples 


WWE 
deer 392715 


к the degrees of freedom as in the problem at 5% level the value of F=3.1. 
1 value is less than this and as such the differences are not 


E 19.10. Two independent samples of 8 and 7 items respectively had 
following values of the variables (weight in grams). TNT 


Sample 1: pcc IPTE ae ee a ШӘ ТЫ 
Sample 2 : 10 1112 40% ИШГЕ. ат LO 

Do the two estimates of population variance differ significantly ? 
SOLUTION. 


Sample 1 


598 Practical Problems in Statistics 


xm n ape p —1043 
1 94? 2 
see (us )-27 (ns- N 


S; 3237. 2291334 195" с. 
2 77: 037—122 | 
Degrees of freedom: ,—8—1—7, n5—7—1-—6 
For n,—7, n4—6, .05 level value of F is 4.21 (approx). The observed 


being much less than it, the difference is very far from significant. The 
may well be drawn from the same population. 


PROBLEM 19.11. For a random sample of 10 pigs fed on diet A the incr 
in weight in a certain period were : 


JJ I2 OCCO JS "9 


For another random sample of 12 pigs, fed оп diet B, the increases in the 
period were : 


A., 8, 21, 23; 10, 17 ў 
Show that the estimates of the lation variance from the samples are 
significantly different. d ie 


SOLUTION. 
Sample 1 


5. . 1209 120 11 
PRS = Sani sia 3-97 
m==10—1=9 5,—12—1—11 


| 
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For n,—9 and n=8, .05 level value of F is 3.23 and for n,—9 and n,—12, .05 
kvel vaule of F is 3.07. The observed value of Fis much less than these values 
lud therefore the estimates of population variance from the samples are not 
nificantly different. 


PROBLEM 19.12. А rest was given to five students taken at random from the 
итог fifth form of each of the three grammar schools of a town. The individual 
ores are given in the following table. Is there any significant difference between the 
tores of the three schools ? 


Sample 1 9 7 6 4 8 
Sample 2 7 4 5 4 5 
Sample 3 6 Y 6 7 6 


SOLUTION. There is one criterion of variation, namely, schools. We have 
determine if the variation due to this factor differs significantly from the variation 
ithin schools’. 


Sample 1 Sample 3 


х= 7 
T= 1225 
у 255 131 182 
№3 х 515 ; ZT;-T—90; x= 156 Z =; C= 568 
00 Cr 17-0850 —568—540—28 
: fe Хт? (1225 , 625, 900 W %% 2750 
O да-а چ (—568= ا‎ + + AP ess? 


=568—550=18 
NE 19 8100 __550__540—10 


(iii) En; Gj- 792 


n nj 15 
Source of variation d f. Sum of squares Mean Square F 
Between Sample Means (3—1) = 2 10 5 3.33 
Within Samples (15--3) 212 18 1.5 
Total 14 28 — 


-aor m=2 and m=12, 0.5 level value of F is3.88. The observed value of 
jd iS less than this value and therefore not significant. The test affords no 
Against the hypothesis that the schools are similar. 
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PROBLEM 19.13. Two independent random samples, each of 8 individuals 
provide the following data. Test the significance of the difference between the sample 
means. | 

Height in cms. (xy) 163 164 165 165 166 166 167 168 
Height in ems. (xz) 169 166 167 . 167 166 168 168 169. 


. SOLUTION. If we reduce all the values of the variable by the same amount, 
it will not have any effect on the values of the sums of squares. In this example E 
are reducing all the values of the variable by 160. Then, 4 


Sample 1 Sample 2 
х 
9 
6 
7 
7 
6 
8 N=2x8=16 
8 ZTi=T=104 
9 
×4 5 
60 
3600 
ті? 
a 242 450 
260 460 2 =0 


T- x T-m- A= 720—616—44 


2 
را2‎ AL —720—(242-1-450)—720—692—28 


э > 2 
Zni(xi—xy = 217 —-ү m (42--450)— 616—692 - 616 16 


Source of variation Sum of squares df. Mean square F 
Between sample means 16 (2—1)= 1 16 8 
Within Samples 28 (16—2)=14 2 
Total 44 15 = 
dd 


For лу==1, п,=14, .05 level value of F is 4.60 and .01 level value of Fis 
The observed value of F is greater than .05 level value but smaller than 0! led 
value. Therefore the difference is not significant at .01 level of significance. 


PROBLEM 19.14. 35 plots of approximately equal fertility were sow" vik 
erent varieties of wheat, 5 plots A each variety, уота ЖК of varieties @ 
the plots being random. The following table gives the yields of grain in bu 
acre the? columns corresponding to the different varieties, Do the date Й 
significant difference in the yields of the varieties ? 
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Varieties 

G) (ii) (i) (iv) [0] (vi, (й) 
{ 13 15 14 14 17 15 16 

11 1 10 10 15 9 12 

10 13 12 15 14 13 13 

4o 18 13 17 19 14 15 

14 12 11 10 12 10 11 

SOLUTION. In this example there is one criterion of variation, namely, 

Varieties of wheat. To simplify the arithmetic we reduce all yields by 12. This table 
is given below. 


1 ERO Mio ep Ted I MS GE ЭҢ 
CCC Ua iar ide 
W 

JT 
ОСО ЕТЕТ Оо ТТЕ T9 92535 
— — — — — — — ZT;-T-—42 
CCC з cy o qeu 
Ix3—22 47 10 46 8 27 27 = 2 12 
T 4 81 0 36 2.89 1 49 22—26 
2 
Tr =08 16.2 0 72 578 02 98 a —920 
рода Т^ =26—-. =266—50.4=215.6 
E j 
2 
Zos = Ext AT 266-92 =174 
Zn(x—xy— 2 — —92—504 =41.6 


Source of Variation 
Between varieties 
Within varieties 
Total 


Sum of Squares] DF. | 


41.6 7—1=6 
174.0 35—7—28 
215.6 34 


| For n, —-6 and n4—25 ; .05 level value of F is 2.49 
| For 1,26 and лу—=30 : .05 level value of F is 2.42 
The observed value of F is less than the theoretical value of F and therefore not 
Significant. The experiment does not show significant variation in the yields of 
И Varieties. 
PROBLEM 19.15. Use the data of above example tc consider the hypothesis 


lat the four ty, ining weight and that they were fed 
pes do not differ significantly in ing weight t * 
on four different rations phe ode also do not differ. 


SOLUTION. In this example we have two criteria —namely, type of pig 
| Gols) and type of ration (rows). Therefore,we shall have to test row means as well 
5 column means. 


6.933 14 


6.214 
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Ration 


[ 436 | sej 498 | эб | 5080- 


— 


T- x T 284.88—2104—170,88 


Zn? 


Хто) $T 0T —2104— 
ni(xj — x) mp у =?160.84—2104—56.84 


„i 
ZEnj(xi —X) Eu NO 


4 


—2704—2785.525—2704—81.525 


Source of Variation 
Columns 
Rows 

‘Error’ or Residue variance 
Total 


For m=3 and m=9, .05 level value of Fis 3.86 and .01 level value is 6.99. 
Therefore the differences between column means — significant and the differences 
ween row means are highly significant. 


PROBLEM 19.16. Two random samples drawn from normal populations are: | 


Sample 1: 20, 16, 2%, ELA 22, ЛГ, ЖЕ р. 
Sample 2: 27, 33, 42, 35, 32, 34 38, 28, 41, 43, 303 


Obtain estimates of the variances of the population and test whether the two 
Populations have the same variance. 


SOLUTION. Number of items in the first sample=10 
Mean of the first sample 20-16--26--27--23--22--18--24--25--19 
as | a ~1 
= "о =? 


Number of items in the second sample=12 
Mean of the second sample 


PP 2 
28--41+43-+30-+37 _ 
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First Sample Second Sample 
Deviations from mean Deviations from mean 
(х«—22) (х,—22)% 65-35) (хү—35# 
— 4 —3 64 
—6 36 E, 4 
T4 16 "ra 49 
1 25 0 0 
1 1 3 9 
0 0 -1 1 
— 16 +3 9 
--2 4 —7 49 
d Ẹ 3 
— — —5 25 
0 12⁰ +2 4 
ГАЙ, 314 
120 120 1.314 314 
ster pom m DM npo mes 
n4—10—1—9 n—12—1—11 
819 29.55 . 
= Ben 33,7204 


For n,=8 and mg=9, .05 level value of Fis 3.23. For ny=12 and ng=9, .05 

level value of F is 3.07. The observed value of F (—2.14) is less than this and 

therefore not at all significant. The sample may well have been taken from a popu- 
lation with the same variance. 

PROBLEM 19.17. The price of a certain commodity was ascertained in each 
of four towns and at each of, Four dates, one in each quarter of the year. Prices, in 
rupees are shown in the table. Are the variations between the different localities апа 
between the different seasons significant ? 


Towns 
Quarter A B e D 
I 6 5 6 5 
Hi 5 4 6.5 $, 
HI 4.5 3.5 4.5 5 
VI 6.5 4.5 6 7 


SOLUTION. In this example there are two criteria of variations in towns and 
seasons, We reduce all the prices by 5. Then the table reads as follows : 


T1—16; N=16; x51-19.252-2.25--14-2.254-25--1--2.254-.25-H14-4 
=15.50 
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Zai Xar— i580 4g 71450 
Zn(x; x)! = TN — T 


Tdi - = Im — 


Fisher's Z-test 


PROBLEM 19.18. In a class of 20 children, 10chosenat random were 
givenaration of orange juice each day for a certain period and other ten a ratin 
Milk. Their gains іп weight during the period were : in poun ds 


First group : C 
Second group: i 3 2F 212%. 2 H3 | 


Apply Z-test to find out whether the sample variances indicate any significant b 
difference in the present population ? > 


Extracts from statistical Tables 
5% and 196 points of Z 


SOLUTION. Mean of the first group 
= HERS HI SHAHS a3 325155, 290 29 
Se Pay оралса га атча 


Mean of the second group 
= 1533.54 2.5 32.547272 2.54-1.54.3 24-0 1.4 
CTUM — —ͤ— 


EU! 
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First Group Secoad Group 
(29) (хү—29# ( 2.0) G- 2.00 
1.1 1.21 —09 081 
—04 0.16 11 LM 
0.6 0.36 01 001 
1.1 1.21 06 0.36 
Er 1.96 01 0.01 
—19 3.61 —04 0.16 
0.6 0.36 —04 316 
0.1 0.01 01 0.01 
—0.4 0.16 —09 081 
0.6 0.36 06 0.36 
0.0 9.40 00 3 
(x—2.9)* —9.40, пү=10—1:=9 
(x—2.4)? —3.90, m=10—1= 
940 „ 3.90 
aee pons diit N 


e 


=$ (2.3026) log 10 2.41—1.1513 x 0.3820 0.43979. 0.4398 
For n,—8 and лу = 9, .05 leval value of Z is 0.5862 
For n, — 12 and n, — 9, .05 level value of Z is 0.5613 


The observed value of Z is than these values and therefore not 
significant. 


PROBLEM 19.19. Theheights of six randomly chosen sailors are іп «ms 
163,65,68.159,171 and. Those of ten randomly chosen soldiers are 161, 162,65, 166 
169,169,170,171,172)73, Use the Z — distribution to discuss whether the samples can 
have on from population which are identical so far as height distribution is 
concerned. 


SOLUTION, 
Second Sample First Sample 
Mean Mean 


z169-H165-68-1169-H71-HT2. „pq 161--162--165-H166-H69-- 169-1 70--171-H 72-73 
WE I-UE and TR | E 


1 
299 168; ide is ad- Ê = 167.8; n=10—1=9 


Deviations from mean Deviations from mean 
(2-168) (1-168) ?(x5-167.8) (1167.8) 

iu 25 —6.8 46.24 
— 9 —58 33.64 

0 0 —2.8 7.84 
+1 1 —1.8 3. 
Uum ш d 

4 T 
a dos c 22 4.84 
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42 17.64 
52 27.04 
00 153.60 
S2 — @ i2 s= 12-1707 


=} loge 1.4225—4x0.3524—0.1762 


For n= 8 and m=5, .05 level value of Z=0.7862 
ny==12 and n,—5, .05 level value of Z=0.7714 
The observed value of Z is smaller than this and therefore not significant. 
The samples may well have been taken from a population with the same variance. 
REVISIONAL PROBLEMS —19 
PROBLEM 19.20. Below are given yields of three strains of wheat planted in 
blocks of ки each under a completely randomized design. Allthe 15 plots 
are of equal size. Perform the analysis of variance to test whether the strains are 
significantly different with regard to yield. Ignore variation between blocks. 
BLOCKS 
I п Ш IV M 
A 20 21 2: 16 20 
B 18 20 17 15 25 
С 25 28 22 28 32 
(Ans. "Етаіо=8.14.т) 
PROBLEM 19.21. The data below represent the throughputs obtained from 
units of an acid paint before failure through correction. The units are classifie 
according to the foundry manufacturing them. 
Foundry Throughput obtained 


A 8 6 40 47 34 
Ho 8» 9295 40 98 60 59. 7100 86 
C 4 93 100 


Perform an analysis of variance of these data. 
Lam 
(Ans. F 2.2, difference not significant) 


PROBLEM 19.22. In опе sample of 8 observations, {һе зит of the squares 
of deviations of the sample values from the sample mean was 84.4 and in the other 
en of 10 observations it was 102.6. Test whether this difference is significant at 
dena San given that 5 percent point of F for Vi and V,=9 degrees of free- 


(Ans, F= 1.06, difference not significant) 


M PROBLEM 19.23. In an experiment conducted on a farm in a certain village 

ollowing information was collected regarding the yield in quin: 

tals per acre of 6 plots of wheat. Three out of these six plots prod Sharbat 

Wheat and the rest threc produced Australian wheat. Set up an analysis table and 
„out if the variety differences are significant. Use values of Fat 5% level 
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Variety Plot yield in Quintals 
Sharbati 10 15 11 
Australian 13 12 17 


(The value of Fat 5% level of significance for V,—4 and V. I is 7.71) 


(Ans. FI. Ii, Difference not significant) 


. PROBLEM 19.24. The follo: uction 
A, B and C of wheat ova nds پا‎ 0 = 


A 14 16, 1$ 
B 14; 4! © 12 
C dE DUUM 


Is there any significant difference in the production of the three varieties. 


(Ans, Between ѕатріеѕ=17.2 
within samples=67.20) 


PROBLEM 19.25. The X Co. wishes to test whether its 3 salesmen A, B and 
d to make sales of the same size or whether they differ in their reo e d as 
sured by the average size of their sales. During the last week there Lave been 
le calls—A made 5 calls, * and Слао 5 calls. 
ollowing are the weekly sales record of the three salesmen : 


A B c 
Rs Rs — Rs 
300 600 700 
400 300 300 
300 300 400 
500 400 600 

0 — 500 


form the analysis and draw your conclusions. 
(Ans. within—16.5) 


LEM 19.26. To assess the significance of possible variation in perform- 

ain test as between grammer schools of a city, a common test was given 

of 5 students taken at random from the senior fifth form of each of the 

= The results are given below. Find out analysis of 
ta : 


SCHOOL 
A B с р 
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and observes their sales in 3 seasons—summer, winter and monsoon. 


PROBLEM 19.27. А tea company appoints four salesmen A, B, C and D 
in (lakhs) are given below е 


A Frl. 2 Between Salesmen 
( mS. "F".].42 Between Seasons 


The 1 table gives the yield of four plots each of 
three varieties Varieties eee F ind out if the con differences are significant. 


( Ans. F p= B. з= 336) 


PROBLEM 19.29. Set up a table of analysis of variance and calculate F from 
the results of the following samples :— 


Sample 1 Sample 2 Sample 3 Sample 4 


6 12 10 
8 16 10 


| 
6 14 10 
10 8 6 
5 20 4 
q 
| 
1 


NAN AL 


=. — — ГУ ЧУ 
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Logarithms 


8 12:17 21 25 


= 
- 
^wc 
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794 
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3 
3 
3 
3 
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ANTILOGARITHMS 
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ANTILOGARITHMS 
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614 Fractical Problems in Statistics 


POWERS, ROOTS & RECIPROCALS 
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POWERS, ROOTS & RECIPROCALS 
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SQUARE ROOTS FROM 1 to 10 
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Square Roots from х to 10 
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SQUARE ROOTS FROM 


178] 3-194 3'225 | 3'240] 3-256 | 3-271 


6:535 
3[6-б11 


6:834 
6:907 
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7:050 
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SQUARE ROOTS. From то TO 100 ` 


55 7:423| 7:430 | 7436 | 77443 | 7:450 7°457 | 46377479 | 77477 
56 2:499 | 7:497 |7503 177510 | 7:517 |7:523| 7530 | 2537 17'543 
57 7:586 |7-563 |7-570 | 7576 |7°583 |7589 | 7:596 | 7:603 7:609 
58 7:622 7-629 |7635 | 7-042 | 7649 |7655 | 662 7668 |7-675 
59 7:688 |7694 17-701 | 1:707 | 7-714 |7720| 727 7733 |7740 
eo 7-752 |7"759 17-765 | 77772 m 7-785 | 7-791 |7797 |7:804 
el 7317 7:823 |7829 | 7:836 |7842 17-849 7-855 7:861 | 7-868 
62 80 7-887 [7:893 | 7°899 |7906 |7-912| 915 7925 |7:931 
6з 1944 7-950 7:956 7-962 |7:969 |7975 | 1951 | 7°987 |7:094 
64 8.06 8-012 8.019 18-025 | 8°031 |8:037 | 8-044 | 8'050 8:056 
65 8-068 | 8-075 8-081 |3-087 | 8-093 | 8-099 8-106 | 8 ^ 
66 2 130|8-136|8-142 ]8-149|8-155 8161 [8:167 |8- 
$7 8 191 |8-198 |8:20, | 8-210 8:216 | 9-222 | 8-228 | 8+ 
68 8:252 8-258 18-264 | 8-270 18-276 8:283 [8-289 8 
60 8-313 |8:319|8:325 18-331 | 8°337 8:343 | 8:349 |° 
70 8-373| 8:379| 8-385 |8- 8-396 | 8-402 | 8-408 | 8- 
71 8273 8-438 ríe ue -456 8:462 | 8-468 8: 
ares КАКЫ a 
: P 8628. 573| 2-579 | 8-585 8 
8 88 331 8 2 8.4 $55 8637 a ч 
8-666 | 8:672 |8-678 | 8-683 |8-689|8-695 | 8-701 |8: 
8:724 | 8-729) 8735] 8°743 |8 2% HER 8758/8 T 
8.781 | 8786 | 83-792 | 8-798 8.803 8-809 | 8:815 |8 i 
8-837 | 8'843 |8849 |8854 8-360 | 8-866 | 8-871 | 8:877 | 8:883 
8.894 | 3-899 | 8-905 | 8-911 | 8:916 8-922 | 8-927 | 8933 8939 
8.950 | 8955 | 8-961 | 8:967 | 8-072 | 8-978 | 8-983 | 8-989 8:994 
9:006 |9011 |9017 [9:022 | 9'028 9033 9'039 | 9'044 | 9050 
9061 |9:066 |9:072 | 9:077 | 998 9:094 9:099 | 9105 
9116|9121 |9-127 19-131 |9138 |9 143 | 9149 |91 54. 9:160 
9171 |9:176|9182 |91 


9:279| 9184 19-290 | 9-295 | 9:301 |9306 | $311 |9317 (9:322 
9:323| 338 |9:343 | 9349 | 9354 | 9359 235 
9-386 | 9-391 | 9-397 |9402 |9407 |9413] 941 
9439 | 9-445 | 9-450 | 9-455 | 9460 9466 | 9471 |94 
9492 94% |9503 | 7 808 | 9°513|9°518 Hoi 9529|95 
9'545|9550|9- 555 |9 $60 9:566 9 $71 19" 9:581 |9° 
9$97|9 13|9:618 3 
967c 


52 |9757 |9762 9772 |9778 |9783 ا‎ 
M^ 9808 |9-813 |o-Bt Sis bo М ^u 
9 854 |o 880 | 9:864 [9869 |9874 9879 12 
9:899 19-905 |9-910]0-91$ эзо |9925 УЗУ ЭЗ ГУ о 
9°95019°955 | 9-960 |9-965 |o-970 9975 9990 


9215 ph 9236 | 9-241 | 9-247 9252 | 9257 |9263 g'208 


zz358 288 
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RECIPROCALS OF NUMBERS FROM 1 to 10 


[Numbers in difference columns 


"3 | -4345 | 4329 | 4310| 4292 T 
4 174167 | 4149 | 4132 | 4115 | 4098 


to be subtracted, noi added.) 
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RECIPROCALS OF NUMBERS FROM 1 to 10 


— columns to be көмеш, not айда) 


1582 |1580 
155811555 
1 1531 
1 1556 
1 


488 
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622 Practical Problems in Statistics 


TABLE Ordinates and Areas of the Standard 
Normal Curve 
(In terms of c units) 


Aroa | Ordinate] 7 Area | Ordinate] = Ares | Ordinate 
00 .0000 | .3989 | .50 .1915 | .3521 | 1.00 .3413 .2420 
.01 .0040 | .3989 | .51 +1050 | .3503 | 1.01 | .3438 
0 .0080 .s989 | .52 .1985 | .2485 | 1.02 | 3461 .2371 
.08 -0120 | .3988 | .53 -2019 | .3467 | 1.03 | .з485 -2347 
04 20160 | .3986 | .54 .2054 „зв | 1.04 | 3508 .2323 
„05 .0199 | ‚юм | .55 „2089 | .3429 | 1.05 | .3531 ‚2209 
-06 .0230 | „2982 | „56 .2123 .3410 | 1.06 | 8884 2278 
.07 20279 | s980 | .57 .2157 3301 | 1.07 | .3577 2251 
„08 -0319 | .3077 | .58 | .2190 | .3372 | 1.08 | .3500 2227 
-09 .0359 | .3973 | .59 | .2224 .8352 | 1.09 | 3021 2203 
10 .0398 | .3070 | .60 2287 3332 1.10] .3643 2179 
NT .0438 | .3965 | .61 .2291 3312 | 1.11 | .3665 2155 
-12 .0478 | „3961 f .62 .2324 ‚3202 | 1.12 | .звав 2131 
.13 -0517 | .3956 | .e3 .2357 3271 | 1.13 | .3708 2107 
-14 .0557 | .3951 f .64 .2389 | .3251 | 1.14] .3729 2083 
m .0596 | .3945 | .65 .2422 .3230 | 1.15 | .3749 2059. 
10 -0836 .3039 66 2464 .3209 1.16 3770 2036 
17 .0875 .3932 67 2480 3187 1.17 .8790 2012 
„18 0714 3026 68 „2617 3186 1.18 -3810 1989 
„19 .0753 -3918 .69 +2549 .3144 1.19 .3830 1905 
+20 -0793 3910 70 -2580 +3123 1.20 | .3849 1942 
+21 .0832 .3902 71 2811 3101 1.21 . 3869 1919 
.22 .0871 .3894 | .72 .2642 3079 | 1.22 | .3888 1895 
.23 20910 | „2885 | .73 | .2673 .305 | 1.23 | .3907 1872 
24 -0948 | .3876 | .74 | .2703 3034 | 1.24] .3025 1849 
25 .0087 | „2867 | .75 | .2734 зош | 1.25 | .3044 1828 
+26 .1026 | „3857 | . 2784 .2989 | 1.26 | .3962 .1804 
27 .1004 | .3847 | .77 .2794 .2966 | 1.27 | .3980 „1751 
.28 +1103 +3836 л8 .2823 +2943 1.28 3997 1753 
+29 .1141 .3825 79 .2852 .2920 1.29 | .4015 1736 
.30 .179 | .2814 80 2881 2807 | 1.30] 4032 1714 
81 1217 [880281 .2910 .2874 | 1.31 | .4049 -1691 
.32 .1255 | .3790 | .82 .2939 .2850 | 1.32 | .4066 -1689 
-33 | .1293 | .3778 | .83 | .2967 | .2827 | 1.33 | -4082 1647 
34 -1331 | .3765 | .84 | .2995 | .28e3 | 1.34 | .4099 1626 
‚35 .1368 | .3752 | ‚85 .3023 .2780 | 1.35 | .4115 1604 
.36 1400 | .3739 | .86 .3051 2758 | 1.86 4131 1582 
87 „1443 | .2725 | .87 .8078 2732 | 1.37 | .447 1561 
.38 -1480 .8712 .88 .3106 .270 1.38 | .4162 1539 
.39 -1517 | 0% | .89 .8133 2085 | 1.39] .4177 .1518 
440 -1554 | .3083 | .90 | ‚83159 | .2601 | 1.40] .4192 1497 
E -1591 | .3008 | .91 .8186 20097 | 1.41] .4207 1475 
42 -1628 | .3653 f .02 .8212 2010 | 1.42 | .4222 м 
43 1664 | „3837 | .93 .3238 25859 | 1.43 | .4236 . 1435 
ET 1700 | 3021 | .94 .3264 255 | 1,4] 4261 1415 
45 „1736 | .a005 | .95 .3289 | .2541 | 1.45, -4265 аң 
40 -1772 | .3589 | .96 3315 2816 | 1.46 | 47 bs 
.A7 |a -1808 -3572 .97 .3340 ,2402 1.47 | .4292 И 
448 1844 .8555 .98 3365 .2468 1.48 | .4306 1 
.4 | .1879 | .3538 | „ор | 33% .244 | 1.40] -4319 221 
0 1016 | .3521 | 1.00 3413 2420 | 1.50 4332 Ju 
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8 Mathematical Tables 


TABLE | Ordinates and Areas of the Standard 
Normal Curve. Concluded 


(In terms of g units) 


|; 


2.00 2.50 | .«038 
2.01 2.51 | .%40 
2.02 2.52 | .4042 
2.03 2.53 | 4043 
2.04 2.54 | 4048 
2.05 2.55 | .4946 
2.06 2.56 | 4048 
2.07 2.87 .4049 
.4429 2.08 E 2.58 4081 
4441 2.00 2.50 | .4052 
„4462 2.10 | .4821 2.60 | 4083 
, 4403 2.31 | .4826 2.00 | .4055 
„4474 2.12 | .4830 2.02 | .4056 
4484 2.13 4844 2.63 | .4957 
.4495 2.14 | .4838 2.64 | 4080 
„4505 2.15 | 42 2.65 | .4960 
.4515 2.16 | .4846 2.00 | .4961 
.4525 2.17 | .4850 2.67 | .4962 
4635 2.18 43854 2.08 | 4068 
4545 2.10 | 4887 2.69 | 4004 
4854 2.20 | 4801 2.70 | .4065 
4864 2.21 | 4804 2.71 | 4000 
4678 2.22 .4868 2.72 | 4067 
4582 2.23 | .4871 2.73 | .4968 
„4591 2.24 | .4875 2.74 | 406 
4599 2.25 | .4878 2.78 4070 
4608 2.26 4881 2.16 4971 
4016 2.27 4884 2.77 4072 
4025 2.28 | 4387 2.78 | 4878 
4033 2.29 | 4890 2.79 | 4074 
. 4641 2.80 | 4803026 | 2.80 | -4074 
4649 2.31 .4896 | .0277 | 2.31) .4975 
4056 2.32 | 4888 .0270 | 2.82 | .4976 
4054 2.33 .4001 | .0204 | 2.83 | -4077 
.4671 2.34 | .4004 | .0258 | 2.94 | 477 
.4678 2.85 | „4006 | .0252 | 2.85 .4978 
.4686 2.36 4009 | .c246 | 2.86 4070 
4693 2.37 4011 [0241 | 2.87 4070 
4095 2.36 .4013 | .0235 | 2.88 ‚4980 
4706 2.39 | .4916 .0229 2.89 | 4981 
„4713 2.40 | .4918 | .0224 | 2.00 4881 
4710 2.41 400 | .0219 | 201 4082 
A726 2.42 4022 | .0213 | 2.92 ‚4982 
.4732 2.43 | .4925 20208 2.93 .4983 
.4738 2.44 | „4927 | .0203 | 2.94 .4984 
4744 2.45| .dozo | „0198 | 2.95) 4034 
‚4750 2.45 | 40310104 | 2.96 4084 
4750 2.47 40520189 | 2.07 | 4058 
4760 2.48 .4034 | .0184 | 2.98 
‚4767 4.49 | 49360180 | 2.99 
4772 | 2.80 | .4938 | .0175 8.00 
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624 Practical Problems in Statistics 


TABLE OF X* AND “t” 
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